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Introduction 



When I was asked to gather a collection of my columns for reprinting. I was 
flattered and looked forward to the task, but it turned out to be a more difficult 
assignment than I had expected. Writing these columns is hard work; now I have 
found that dealing with them a second time isn't easy either. First, it required 
rereading my work, something I religiously avoid. Second, it Involved selecting 
those pieces which would be most interesting to readers, but how was I to Judge 
this? And third, it meant finding a rational way to organize the articles and give 
the collection structure. Science Is an ordering process, so as a scientist, I feel 
a need to organize, but as eveiy scientist knows, order is often difficult to find 
in a chaotic world! 

I survived the rereading process and discovered, to my relief, that many of 
the columns have aged better than I had expected. One of tiie alms of "Biology 
Tot ^ " had been to discuss some of the latest findings in biology. But today's 
news is what becomes most quickly dated, especially In such fast-moving fields 
as molecular biology. However, IVe been able to find pieces that still seem 
sufficiently fresh to bear reprinting. Ttie amount of editing IVe done is minimal 
I removed a couple of sentences I disliked and a few veiy dated items. At other 
points, I added a sentence or two to update the material In the article. For all the 
columns, the date of pubUcation is given as a guide for the reader. 

In an effort to select columns that would be most Interesting to readers, I 
chose a variety of types of writings. Some focus on teaching biology, others on 
the science itself. Several deal with books and articles that have excited and 
interested me over the years. I included these because I don't think there's 
anything more valuable to a teacher than Information on where to find sources 
of ideas and inspiration. One of the first essays I wrote. Books andBiology, is in- 
cluded for this reason. I have a few authors whom I find particularly exciting, so 
their names keep popping up in dlflerent contexts in these articles; though riot, 
I hope, to the point that the repetition becomes excessive. Several pieces I chose 
because, frankly, I like them. TTiey deal with ideas that I find particularly inter- 
esting, and I hope others will feel the same way about them. And a few have been 
omitted because I found them deadly! 

In attempting to order these columns, I initially tried grouping togethe; 
those wltii similar themes. But reading several essays on the same theme can 
be tedious. I opted instead for chronological order, so there is at least some 



rationale to the sequence, and yet the conscientious reader who tackles the book 
from beginning to end will And at least some variety in approach In going from 
one essay to the next. For example, in the first few essays, references are listed 
throughout the body of the essay, whereas later on references are listed at the 
end of each article. 

I hope these articles will prove Interesting and helpful to biology teachers, 
but the rewards teachers may gain from reading these pieces will never equal 
the Joy I derived from writing them. Though writing each column causes severe 
anxiety, I truly love the process of coming up with an idea, researching it and 
then finding the words to express it. I will always be grateful to Alan McCormack, 
the ABT editor who took a chance and gave me the "Biology Today" column. And 
I appreciate the continued support and assistance of his successors, John 
Jungck, Randy Moore and Dan Wlvagg, and NABT Executive Director Patricia 
McWethy. I am also veiy grateful for the editorial assistance of Michelle Robblns, 
who has to deal with all my mistakes, and Cheryl Merrill for her work on this 
publication. At St. John's, the Dean of St. Vincent's College, Catherine Rugglerl, 
has always provided great support and encouragement. And though It is cte 
rlgueur to thank one's spouse. In this case It Is absolutely necessary because, 
before Bob came along, I had never published anything longer than a paragraph . 
He has greatly Improved my English and my life. 

Maura C. Flarmery 
SL Vincent's College 
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Mcuv'h 1982 



Books and Biology 



Biologists make good wilters. Of coiirsc, there are some writers in biology 
who are as boring and obtuse as they come, bat they shall remain nameless. I 
want to concentrate on the wealth of good biology writing that is available to 
teachers. These works can be used to inspire our students and, even more 
importantly, to prevent ennui in oursehres. 

I am not speaking of textbook writing, though a well-written text is as 
valuable as gold; I am talking instead of what may be called "popular" science 
writing, writing geared to the layperson, but writing so perceptive that it stirs the 
expert as well. There are good writers in other fields of sciencc-astrononqr and 
physics especially-but I think biology still has an edge. Ren6 Dubos, Lewis 
Thomas and Stephen Jay Gould, for example, each combine depth of insight 
with a smooth, articulate writing style. Their writing is more than informative, 
it is a pie isure to read. 

I a^n an essay addict. Perhaps because my brain cells can only absorb ideas 
in small doses, I And a short, well-written piece, developing one theme, a Joy. 
When I read or reread the essays of Lewis Thomas (Tfie Ltves qf a Cell and The 
Medusa and the SnaiH or Harold Morowltz [The Wine oJUfe and Other Essays on 
Societies. Energy ondUvingThtngs), I ratlonnrjrsclf to one or two a day, as I would 
with chocolate candies. I want to spread the enjoyment out for as long as 
possible; each essay is so rich. In ideas rather than calories, that it d«^senres to 
be savored as an Independent unit. 

I think the attraction of these authors Is that they are good scientists with 
good ideas and a real humanltj'. Not everyone will agree with all their scientific 
notions, but they clearly explain the views they hold, buttress them well with 
facts and, perhaps most importantly, reveal their humanity as they go along. 
They present themselves as well as their scientific views In their writing: that Is 
what gives them their wide appeal. They make biology a very human enterprise. 
By discussing the parts of biology that Interest them and why, they reveal to the 
nonscientist the fun In science. They convey to the reader their obvious delight 
in learning and discovery. In trying to figure out the mysteries of nature and life. 

Stephen Jay Gould [Ever Since Darwin and The Panda's Thumb) is another 
master of the essay, but his pieces are less personal. In The Panda's Thumb he 
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Courtney Smith From "RE:SOURCES" 



writes that he 
promised himself 
when beglnningi 
these essays that. 
"I would not tell 
the fascinating 
tales of nature 
merely for their 
own sake. I would 
tie any particular 
stoiy to a general 
principle of evolu- 
tionary theory." 
He has kept his 
word. Each essay 
is a simply told, 
logical and fasci- 
nating exposition 

of some often-subtle point which Gould handles so expertly that the reader can 
grasp the most difficult concepts. And this is all done In eight or ten pages. 

I am including in this survey of biology writers those in the medical field 
because it happens to be of special interest to me^his column isn't claiming to 
be anything but personal-and because there are writers in this area who are too 
good to miss. June Goodfield's The Siege of Cancer is not an exhaustive survey 
of the subject, but an investigation into several types of cancer research. It gives 
Insights not only Into the cancer problem but into the scientific enterprise. The 
Body in Question by Jonathan Miller is an interesting approach to the history 
of medicine. He stresses the interactions among medicine, science and technol- 
ogy; how for example, the concept of the heart as a pump could not develop until 
after mechanical pumps had been devised. Finalfy. Mirage qf Health by Ren6 
Dubos has infiuenced my thinking on health and disease for years. He argues 
that although diseases may subside or disappear, disease does not. Dubos has 
also writ en several rather philosophical works including So Human an Animal 
and The Dreams of Reason. Biology teachers can sometimes become obsessed 
with facts, and books like these remind us of the philosophtoal imderpinnlngs 
of science. 

Finding a new author Is like discovering a new world: It means seeing the 
world through a brand new pair of eyes. I recently read Roger Swain's EarQdy 
Pleasures, a group of essays on gardening and bot any that is full of information 
on such topics as parsnips, phllodendrons and maple syrup. Each blpnds 
biology, folklore and common sense with insights into the relation? 'lipsbetween 
humans and the rest of nature. I live In a large apartment building and own only 
half a dozen plants, but Swain fascinated me with Instructions on how to start 
a beehive and what to do a bout a hungry woodchuck. 

Because there are so many good writers, there are always good books 
waiting to be read. Right now I am looking forward to reading June Goodfield's 
An Imagined World, a book . hat follows the research of one scientist, an immu- 
nologlst. It Is an investigation into the day-to-day work of research and Into the 
mind of one researcher. Bumblebee Economics by Bcmd Heinrlch is another 
work that has received good reviews and seems fascinating wen to someon* -I 
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suppose a biologist shouldn't admit this-who is not too thrilled with insects. 

I am running out of space, but there are a few other favorites I want to 
mention. 1 was trained as a biochemist, so my exposure to zoology has been 
minimal. Archie Carr*s books on sea turtles, The Windward Road and So 
Excellent a Ftshe, made me regret n^ narrow education. Then I read Victor 
SchefTer's The Year qf the Whale, and that has sent me to the llbraxy for more 
works by zoologists and naturalists to ease my ignorance enjoyably. 

Finally, P.B. Medawar's Aaoice to a Young Scientist is a book for all 
scientists and for these who teach them. It is a veiy personal and insightful book, 
though I do not agree with his every word, especially: 

Science does not have a major bearing on human relationships ... on the 
causes of exaltaUon or miseiy and the character and intensity of aesthetic 
pleasures. 

I think many of the books I have mentioned prove the contrary. Their authors 
have sought and found the relationships between science and humanity; that 
is what makes these works so appealing. They help us as teachers to see how 
our discipline relates to the larger world. I think th^ would do the same for our 
students If wc encourage them to sample what's available. Finally, each of these 
books is a good read. Someone else*s list of favorites might be veiy different, but 
I chose to include here only those works that still excite me when I thought of 
them, that still evoked a feeling of pleasure. When a semester is going badly, 
when exhaustion seems to be the only result of my labors, reading one of these 
books is sure to make me realize that biology Is still fun, still fUled with wonder 
and still a veiy human enterprise. 



Since this column was published many of the authors I mentioned have written 
other equally good books. These include Roger Swain's Field Days; Lewis 
Thomas's Late Night Thoughts on Listening to Mahler's Ninth Symphony and 
The Youngest Science; P.B. Medau^or's Pluto's Republic, The Limits of Science 
and Memoirs of a Thinking Radish and Harold Morowitz's Mayonnaise and the 
Origin of Life. Stephen Jay Could hus been the mostprdlifkwtthHen'sTetth and 
Horse's Toes, Tlie Flamingo's Smile, An Urchin in the Storm, Time's Arrow, 
Time's Cycle, and Wonderful Life. 
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September 1982 



Turning Teaching Around 



I look forward to reading anything by Lewis Tliomas (The Uves qfa Cell and 
The Medusa and the Snafl). but as a teacher I particularly enjoyed "The Art of 
Teaching Science" (The New York Times Magazine, March 14. 1982). "niomas 
says flatly that our approach to teaching science Is all wrong. We are stressing 
facts and making those facts seem somehow better, more valid, than facts in 
other disciplines. In the process we are overwhelming our students, making 
them feel that this body of knowledge Is too laige and complex to master. 

Thomas suggests that we turn things around and stress what we don't 
know. With most sciences still In their Infancy, the facts of science are not 
unchangeable, but hlghlymutable. as we dlscoverwhen we delve deeper Into the 
world around us. In many ways the sciences arc no more objective or unalterable 
or unambiguous than the humanities. All these disciplines are human creations 
and. as Jacob Bronowskl has shown In Science and Human Values, the creative 
process Is the same In the arts and in science. 

The Idea that the foundations of science are not as firm as we might 
assume Is disturbing for many of us who were never taught this. Most of us were 
trained in a posltlvlst tradition, so it's natural for us to approach teaching in that 
way. The idea of getting up In front of students and saying "We don't know this 
and we don't know that," at first seemed absurd to me. But as I mulled it over, 
it became an exciting possibility. It doesn't mean throwing out the entire body 
of knowledge accumulated over tliousands of years, but approaching it from a 
different angle that may give students a better idea of what science is all about. 

With our present approach, it's hard for students to appreciate the 
marvelous process of scientific discovery. Since we give them the end-product, 
it's Impossible for them to visualize the situation that existed when such 
Information was unknown. The wrong turns of a hundred years ago in the 
development of ideas on proteins, for example [Annals qf the New YorkAcademy 
of Sciences, Vol. 325). seem stupid in light of what we know today. But they 
become more understandable if we look at some present-day unknown like the 
biological basis of memory, explore the possible explanations and examine the 
number of blind spots that exist in our understanding of brain processes, 
making a definitive explanation of memory Impossible at this time. 
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In The Search for Solutions, Horace Judson uses examples from all the 
sciences to explain the process of science in a more realistic way than most 
textbooks do and more in line with what Thomas suggests. Judson emphasizes 
the unity of science by discussing basic themes-pattern, change, chance, 
fcdback-that run through all the sciences. In talking about evidence, model- 
ing and predictions, he shows what a theoiy is and is not, and how theories 
develop. We often present our students with theories In a congealed form, as if 
they were etched in stone. Judson shows that the production of theories is a 
dynamic process in which the human mind is really at play, developing all kinds 
of outlandish ideas. Sir Peter Medawar has said that "Scientific reasoning is a 
kind of dialogue between what might be and what is in fact the case." This 
Interplay is much more exciting to students than an endless barrage of facts. 

Of course, many of these theories die soon after birth: they don't conform 
with available facts. Others may linger for awhile before they're proven unten- 
able. But these aborted theories are often a? useful as those proven right since 
they goad thinking, force experimentation and push the mind in new directions. 

Thomas emphasizes the tentatlveness of theories: "Next week's issue of 
any scientific Journal can turn a whole field upside down, shakixig out any 
number of immutable ideas and installing new bodies of dogma." In one of those 
coincidences which make academic life exciting, the very next day after reading 
Thomas' article, I saw an article in Science (March 12, 1982) reviewing the work 
of Jesse Roth and his associates who have developed a new theor/ of hormone 
function and evolution. 

When Roth found insulin receptors in the brain, he began to question one 
of the basic concepts of endocrinology, that only specialized glands make 
hormones. Roth reasoned that since insulin can't penetrate the blood-brain 
barrier, the brain itself must make insulin. This turned out to be true not only 
of the brain, but of the testes and liver as well. Roth then searched farther afield 
and found insuUn-Uke material in flies, worms, protozoa, fungi, and even in 
Escherichia coU. He also found several other peptide hormones in primitive 
organisms. But what ere they doing there? Roth argues they may be used in an 
ancient form of cell-to-cell commmunlcatlon, and hormones may have begun as 
such cell tissue factors. As organisms became more complex, and cells became 
highly specialized, certain cells overproduced these substances, which then 
came to be used in dlff"erent ways by the body. Many present-day hormones still 
act locally as tissue factors which would explain the presence of Insulin In the 
brain and other tissues. Roth also thinks that exocrine and endocrine functions 
overlap. Since at the unicellular level there is no such distinction, it must be a 
later evolutionary development. This would explain why hormones like gastrin, 
luteinizing hormone-releasing hormone, the prostaglandins and prolactin are 
found In exocrine fluids-saliva, semen and milk. 

This is a new and different way to look at hormones. Whether this theory 
is right or wrong perhaps isn't as important as the fact that it's exciting. A field 
that might appear humdrum suddenly has new life. Even if it is wrong, this 
theory will spark a great deal of research; In fact, it already has. Hormones have 
been found in tissues and organisms which in terms of the old theories were veiy 
unlikely locations: no one even looked for them there until the old theory was 
quesUoned. I think it's important for students to see that the value of a theoiy 
is not Just in its rightness, or even primarily L its rightness, but In its ability to 
stimulate the mind. 
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But even "successful" theories are always tentative. They are Just the best 
the limited human mind can come up with at a given moment. Newton's 
mechanics had to be modified by Einstein's relativity. And in this year of the 
100th anniversary of Darwin's death (April 19. 1882) and of court cases 
Involving the teaching of creatlonism. there Is a great deal of discussion about 
the validity of Darwin's theory of evolution. Biologists aren't questioning the fact 
of evolution, but the means by which evolution takes place. Stephen Gould, in 
an article on Darwinism {Science, April 23, 1982), defines it in terms of two 
claims: First, natural selection is creative: and second, it operates through the 
difierential success of individual oiganlsms. Gould contends thatniai^r ideas on 
evolution that are considered important today, including neutral selection, 
punctuated equilibrium and selection among genes and species as well as 
among individuals, are not legitimate In terms of strict Darwinism. He isn't 
saying that Darwin's theory is dead, that it no longer has validity, but that it 
must be modified or, as he puts it, expanded. Evolution is such an intrinsic part 
of biology that it may be difficult for students to understand how such a powerful 
theory can be questioned unless they have been given some understanding of 
the tenatlve nature of theories. 



We think we're making science look good by stressing ob- 
jectivity, but often all we do is make science look inhuman 
and sterile. . . 



Powerful theories are those that are strongly predictive, that explain a 
great deal. But every theory has its limits, and when those limits come to be 
explored and tested, then even the most powerful theories must suffer the fate 
of all theories-they must be questioned, altered and perhaps even abandoned. 
Considering the very limited amount of information upon which many theories 
are based when first formulated, it's amazing how accurately they are able to 
predict. There was no direct evidence for Einstein'** theory of general x latlvlty 
when he published it, and though Darwin buttressed his theory with a multi- 
tude of careful obsenrations and experiments, the information available to him 
on the fossil record and on genetics was extremely scant when compared to what 
exists today. The brlllance of these men becomes apparent when you consider 
the factual darkness in which they worked. 

Not only do we make theories seem immutable, but we also, as Thomas 
says, make the facts of science seem somehow better than facts in other 
disciplines. We stress facts in our presentations and demand facts back from 
our students on exams. There is a reason for this. Concepts and theories are 
based on facts and are meaningless without them. But the opposite is also true. 
In an article on the role of factual knowledge in biology teaching (ABT, October 
1979), Thomas Mertens declares: "Facts, as Isolated fragments of information, 
are meaningless and are not useful to the scientist or the science student. Facts 
must be related to concepts and principles if they are to be meaningful." Facts 
must be used as a means to an end, as in problem soMng. 

Not only should we be sparing in our use of facts so they don't overwhelm 
concepts and our students, but we should also show that facts are not always 
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as solid and immutable as they may appear. Some facts turn out to bejust plain 
wrong, and others must be carefulty quallfled. In The Seca-chfcr Solutions, 
Judson downplays the Importance of facts in developing theories. Theories 
seldom arise from induction, but from a much more creative act. a subtle 
ir»«»rplay of fact and imagination. 

Experimental data can even mislead. They may t s:m out to be wrong or not 
as signiflcant as was thought. The fact that DNA was composed of only four types 
of building blocks, nucleotides, while proteins were composed of twenty amino 
acids, for years led people to assume that DNA was far too simple to possess 
genetic information, that only protein could fit the bill. 

While a good theory is powerful, has a wide scope in that it can predict a 
great deal, a fact-no matter how good, how carefully arrived at-ls verv limited. 
It tells you something about a particular situation and nothing else. Trying to 
extrapolate from that situation to othe^ may be possible, but it's often 
dangerous. Facts can't be stretched loo far. 

How difficult interpretation can be is pointed up by two recent articles on 
cancer research. In a review article in Science (January 8. 1982). Robert and 
Wanda Auerbach show that even small differences in location within the body 
trunk can make a big dlfTerence in how cells function. For example, there is a 
higher mitotic Index in the cpidenn a surrounding wounds in the anterior part 
of the body as opposed to those ir. the posterior. Cells, both cancerous and 
normal, behave differently when inr culated mto different areas of the trunk. And 
when pellets of the carcinogen methylcholanthrene are implanted subcutane- 
ously in mice, implants in ;he axillar region produce tumors more readily than 
those in the inguinal region. These results tan be explained by regional 
differences in vascular supply, pattern of nervous system development, tem- 
perature differentials and metabolic gradients. Obviously, if these factors aren't 
taken into account in experimental design ly standardizing the body location 
of the procedure involved, the facts generated by such an experiment may be 
meaningless. 

"Tumors: A Mixed Bag of Cells" {Science, January 15, 1982) points up a 
source of variability in cancer resemich that is only beginning to be appreciated. 
A single cancerous tumor is composed of a mixture of cells with different 
properties. Some cells are more able than others to spread to different parts of 
the body, to resist cb.-motherapy and to avoid immune attack. If this is the case, 
then assuming a tumor to be a homogeneous group of cells can be dangerous 
for the patient. A particular therapy may seem effective, but it may be useless 
against a small population of cells that continue to proliferate. At the moment 
most drug screening procedures don't take t'>is cell heterogeneity into account. 
This new evidence may help to explain certain facts that before were inexpli- 
cable, that didn't fit in with the established theories, for example, the flare-up 
of cancers that were thought to be cured. (Update: A great deed of evidence 
supports the idea of tumor ceU heterogeneity and indicates that tumor cells can 
accumulate mutations and become more and more abnormal [Science, 246].) 

Students must also appreciate subtle forces that act on the production and 
interpretation of facts. Observation is always affected by theory. Certain 
experiments are done and other topics left unexplored because of the intellec- 
tual climate of the time. TheMtsmeasweofManhy Stephen Gould is a study of 
craniometry and intelllgcrice testing and of how the data produced by these 
techniques was used to "prove" theories about differences in inteUlgence among 
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races. Gould shows the danger of using scant data to substantiate large theories 
and of formulating questions so orify one answer Is posslbIe-4he one sought by 
the questioner. He condemns biological determinism because it is based on two 
fallacies relating to how facts are used. The first is reiflcatlon. converting 
abstract concepts into entities, as weVe done with the concept of intelligence. 
Hie second fallacy is ranking, our tendency to order variation on a gradual 
ascending scale. Ranking ignores the fact that variability does not necessarily 
imply dlfiferences in value. 

Gould shows not only how limited facts wers used to bolster the theory of 
racial differences in intelligence, but also how the facts themselves were 
distorted: facts that didn't fit with the theoiy were ignored. Hiough we condemn 
the misconceptions bred by this line of research, we can't Just dismiss it as the 
work of prejudiced minds. We are all biased. As Gould says. "I criticize the myth 
that science itself is an objective enterprise, done property onty when scientists 
can shuck the constraints of their culture and view the world as it really is. Sci- 
ence, since people must do it. is a socially embedded activity." 

Thou^ one of the hallmarks of science is objectivity, total objectivity is 
impossible, an idea we dont always convey to our students. We think we're 
making science look good by stressing objectivity, but often all we do is make 
science look inhuman and sterile, while, as Hiomas says, it is as passionate as 
art or literature. 

Stressing that science is a veiy htmian endeavor will make It more 
attractive to students. It will prevent them from being so in awe of science that 
they are afraid of It. and it will also prevent them from expecting too much of 
science, which has led to today's disenchantment with it. Humans are imperfect, 
therefore the scientific enterprise is imperfect. TheNobelDuel\sy Nicholas Wade 
illustrates this well. It's the story of the competition between Andrew Schalfy and 
Roger Gulllemln to find the hypothalamic hormones or releasing factors that 
control the production and release of hormones by the anterior pituitary. M&ny 
consider the competition between these men useless and wasteful because they 
duplicated each others' work and refused to share data. On the other hand, the 
work was so tedious, time- and energy-consimiing, and discouraging that 
perhaps neither would have succeeded without a competitive spirit that 
sometimes bordered on the fanatic. Obvlousty, personality played a large role in 
the conduct of this research. As Wade says, "Tliey would not have achieved what 
they did, if either had ever had any sense of moderation." It is a classic, though 
extreme, example of how human science is. 

Thomas says that science teache^; have taken the fun out of science, and 
K.C. Cole [The New York Ttmes. Aprti. 1 , 1982, page C2) makes a similar point: 
"Science is too lovely to be left to the scientists." We chose careers in science 
because we thought it was lovely and exciting: Judson talks of the "rage to know" 
that infects scientists and of the unspeakable Joy of discovery. Part of our 
problem In teaching is that we think the beauty of science is self-evident. We feel 
we don't have to work at getting students to see it: it's Just there. But for many 
students, all that's apparent are facts and unpronounceable terms. We were 
attracted by the wonder of discovery , and we deprive our students of that wonder 
by stressing the known. Starting with what we don't know gives an opportunity 
not only to present the process of science more realistlcalfy, but also to put some 
mystery back into science. As Thomas says, it's the mystery that makes science 
engrossing. 
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Naturalists 



My last two columns have been devoted to molecular biology, which, I again 
confess, is my favorite branch of biology. However, my recent reading has 
reawakened in me an interest in nature originally sparked when I was a high 
school freshman. The homework assignment for spring vacation was to "notice 
the signs of spring around you." Everything seemed much more alive and 
fascinating that spring, but unfortunately, my interest wasn't Intense enough 
to be self-sustaining, and my teachers in later years were more concerned with 
pounding the phyla into my head than with getting me to experience the intricate 
beauty of living things. Lately IVe been making up for lost time by reading the 
works of naturalists. 

The book that really got me hooked on natural histoiy is The Outermost 
House-A Year on the Great Beach of Cape Cod by Henry Beston. Last year I was 
visiting Cape Cod for the first time and I wanted to learn something about the 
area, so I picked up a paperback copy of this 1928 classic. For one year, Beston 
lived alone in a two-room cabin on the dunes of Cape Cod's outer beach facing 
the Atlantic. This was a relatively unpopulated area in the ig20s, even in the 
summer, so Beston had direct and relatively uninterrupted contact with Nature. 
Being alone he had the time not only to observe carefully, but to reflect on what 
he observed. And, fortunately for us, he had the ability to convey his observa- 
tions and musings to his readers in beautiful prose. He noted changes in the sea 
and in the creatures that depend on the sea for life-migrating birds, maritime 
locusts, swarming amphipods. And he described what seems to me to be the es- 
sence of natural history and the goal of the naturalist: 

To be able to sec and study undisturbed the ptx>ce8se8 of nature-I like better 
the old Biblical phrase "mighty works"-as an opportunity for which any man 
might well feel reverent gratitude, and here at last, in this silence and 
Isolation of winter, a whole region was mine whose Innermost natural life 
might shape itself to Its aiiclent courses without the hindance and interfer- 
ences of man. 

A naturalist can be defined as someone lo studies animals or plants, 
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usually at a nontechnical or even an amateur level. But the more I've read, the 
harder I find it to define the breed. Some are obviously amateurs while others 
have dedicated their lives to the study of the life around them. But what all 
naturalists have in common Is a love of Nature. As AlanTemes. editor of Natural 
History, says In an introduction to a collection of articles from that magazine 
(Ants. Indians, and utUe Dinosaurs): "Naturalists may attempt to achieve a 
sclentlflc objectivity toward the creatures they study, but fortunately for editors 
they fall. 

There have probably been naturalists around as long as there have been 
human beings; the caves of Lacaux attest to that fact. Humans have wondered 
about nature even as they tried to control it. That has certainly been true of the 
development of the New World, though the contemplation and the controlling 
weren't necessarily done by the same people. A Species of Eternity by Joseph 
Kastner is a history of naturalists In America during the 18th century and the 
first half of the 19th. or more accurately, it is a history of the United States from 
the naturalist's perspective. Dn ving on the writings of these naturalists 
Kastner portrays the biological richness and abundance of this continent before 
civilization tamed it. iiiese men could reach wUdemess simply by walking out 
of Philadelphia, the center of natural history at the time. 

i^^i"^^ describes Charles Wilson Peale's natural history museum in 
Philadelphia, and how he organized the country's first paleontologlcal dig He 
also recounts Uwls and Clark's trek west and the wandeftngs of Audubon He 
introduces other naturalists who are less weU known, at least to me-Alexander 

Wilson. Audubon's predecessor 
in bird portraiture: Const anUne 
Rafinesque. a genius at identify- 
ing new specles;Thomas Nuttall. 
an absentmlnded. but brilliant 
botanist. Toward the end of the 
book. Kastner discusses The 
Closet Botanists." John Torreyof 
Columbia University and Asa 
Gray of Harvard. They did not 
collect specimens for themselves, 
but Instead studied the results of 
other collectors' labors. By 1850. 
the era of freewheeling natural- 
ists who considered the entire 
country their field of study had 
come to an end. 

Kastner is saddened by the 
end of this era of bounty and free- 
dom, but it was inevitable that 
naturalists would change as the 
country changed. That doesn't 
mean, however, that naturalists 
aren't still roaming the land. It's 
Just that theJr training and ap- 
proaches are different: they are 
more likely to fly or drive now, 

'20 




o 

ERIC 



rather than to tramp over long distances on foot. Botanist May Thellgaard Watts 
traveled by plane, train and car to gather information for Reading the Landscape 
of America, which depicts the different ecosystems within the United States. But 
Watts doesn'tjust describe a particular bog or river valley or forest: shetellshow 
and why it slowly got to be that way; how fires, glaciers, or man have affected its 
development and what changes can be expected In the future. She walks across 
dunes and shows how wind ordains not only the contours of the landscape, but 
what type of vegetation will grow there. She literally reads the landscape, and 
what makes her book so fascinating is that she derives so much Information 
from what she reads. She can even read in the dark! In one essay, she describes 
the changing silhouettes on a night train ride from Chicago to Denver. 

A major asset of Watts' book is that in many cases she revisits areas she 
had explored perhaps 20 years before. In some, she finds few changes except 
those wrought by natural forces. In others, the effect of man's hand has been 
tremendous. Drainage can change a bog and split-level homes can alter dunes 
with a speed that nature cannot imitate. Aldo Leopold presents that same theme 
In A Sand County Almanac. Though originally published in 1949, a year after 
Leopold's death, it could easily have been written during the height of the ecol- 
ogy movement in the 1970s. The dangers that Leopold saw have only intensified 
with time. But I can't say that I enjoyed this book, though his descriptions are 
vivid and full of love. Perhaps it wasn't meant to be enjoyable, but to disturb, to 
act as a spur to action, as Rachel Carson's Silent Spring did in the 1960s. But 
it seems to me that A Species ofEtemiiy, without ever hammering home the 
point, made the best case for preserving our environment by describing the 
abundance and variety that existed almost everywhere in this countiy 200 years 
ago. 

Few places in the United States have been altered so profoundly as New 
York City, my home. Wall Street originally got its name from the barrier erected 
there to keep out the wilderness that extended northward over the rest of 
Manhattan Island. In the 1700s, going to Harlem was visiting the country, and 
it took a day to get there and back from lower Manhattan. (Of course, it can still 
take a day if the Lexington Avenue subway breaks down!) John Kieman's A 
Natural History qfNew York City contains many such intriguing facts about New 
York. He writes that minks still occasionally wander down to the Bronx from the 
more rural areas of the state, and that this borough also harbors the city's last 
stand of virgin forest. Most of the book is a catalogue of the plants and animals 
to be found within the city's limits. This can become tedious at times, but it does 
give an idea of the surprising variety of organisms that can adapt to so altered 
an environment. It also made me want to help preserve what is left, to keep New 
York as biologically rich as possible. 

All naturalists are careful observers. Things catch their eye that are 
completely missed by the untrained observer. Most of us don't have the 
paUence-and patience seems to be the key Ingredient-to sit still and let nature 
tell us secrets at its own pace. Curious Naturalists by Nlkolaas Tinbergen is full 
of the fruits of careful observation. Tlnbcigen wonthc Nobel prize In 1973 along 
with Karl von Frlsch and Komrad Lorenz for their work on animal behavior. He 
has followed many lines of research , most of them dealing with Insects and birds. 
He describes how he decided to study animal behavior when, as an aimless 
zoology student, he started to observe the habits of the digger wasp, PhOanthus, 
while on summer vacation. From there he went on to work with Snow buntings, 
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sand wasps, graylings, klttiwakes and Black-headed gulls. In each case* he 
devised simple, but Ingenious and fruitful, experiments to dissect complex 
behaviors and determine what triggers various responses In these animals. He 
went far beyond simple observation of animals In their environments; he 
manipulated those environments to get at least partial answers to such 
questions as how do animals home, and what triggers mating behaviors. 
Tlnbergen and others like him prove that while natural history may be nontech- 
nical. It nonetheless can yield sclentlflcalty sound results. 

Other naturalists observe rather than manipulate, but that doesn*t mean 
that we can't learn a great deal from their work. There are dozens of these 
individuals who have committed their careful observations to writing and have 
thus enriched both our Intellects and our spirits. As Loren Elseley. himself a 
writer and naturalist, mused In The Night Country: 

. . . one feels at times that the great nature essayists had more individual 
perception than their scientific contemporaries . . . The world of nature.once 
seen through the eye of genius, is never seen in quite the same manner 
aflenvard. A dimension has been added, something that lies beyond the 
careful analyses of professional biology. 

There are many writers who have seen the soul of man In nature, who have 
deepened our appreciation for the life around us and for our own humanness 
as well. Thoreau. of course. Is one. Elseley himself. In such books as The 
Immense Journey. Is another, though I find his writing a bit florid. And a more 
recent addition to this literature Is Peter Mathiessen*s The Snow Leopard, an 
account of his Journey through the Himalayas. But for prose of poetic beauty I 
don't think anyone could Improve on the writing found in Travels. William 
Bartrams* Journal of his four-year trip (1773-1777) through the Carolinas, 
Georgia and Florida. 

One of my new favorites Is an old book that was recently returned to print, 
Ifs The Desert by John C. Van Dyke. In the last years of the 19th centuiy. Van 
Dyke, a professor of art history, roamed the deserts of the Southwest. He 
recorded not only what he observed, but his thoughts and emotions as well, as 
he ranged over one of the most daunting of ecosystems. IVe never visited desert 
country, but if I do. FU appreciate the experience much more because of Van 
Dyke*s writing. HI feel the desert*s atmosphere more acutely and observe its life 
more carefully. 

As I experience the desert with Van Dyke or Cape Cod with Beston and 
John Hay {The GreatBeach^ or the sea with Rachel Carson [TheSeaAround Us). 
my only regret Is that I didn*t discover the joys of natural histoiy sooner. Now 
that I have discovered nature. I want everyone to be so blessed! I don't want my 
students to have to wait until they're middle-aged for the light to dawn oii them. 
Most of my students are nonscience majors; their lives are not going to be dedi- 
cated to science, and many of them come to me with a dcHnlte prejudice against 
science. Talking to some of them makes CP. Snow's two cultures look very real. 

If their interest in nature could be sparked, as mine was. then perhaps they 
would want to know more, rather than being coerced into learning more. There 
Is a national outcry at the moment about the poor level of science education for 
those not training to be scientists. I think that one way to overcome this problem 
Is to make ourselves Into a nation of naturalists. Since many naturalists are 
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amateurs, anyone canjoln their ranks. And as people become more aware of the 
life around them, they may begin asking questions about how this life developed, 
why animals behave as they do, or why plants grow where they do. They may 
begin to wonder at how oiganlsms respire and photosyntheslzc and reproduce. 
Theymaycometothe study of science willingly, rather than reluctantly. Not only 
would our problem of scientific literacy wane, but the goal of preserving the 
environment might prosper. 

This Isn't a far-fetched idea. Many of the great naturalists of the past were 
amateurs. Theodore Zeldln In France: 1848-1945 observes that: 

In the eighteenth centuiy, the study of science was a common hobby among 
educated men of leisure ... A list has been compiled of nearly 500 people 
known to have had cabinets d'htstotre natureUe-aristocrats, priests, actora, 
collectors of taxes, factoiy inspectors, and the due d'Orieans's chief cook. 

Many of the early naturalists In this coimtry were cleigymen (John Banister, the 
New World's first resident naturalist), politicians (Samuel Latham Mltchlll, 
whom Jefferson called "the Congressional Dlctlonaiy") and military men (John 
Charles Fremont, the "pathfinder of the West"). 

I think It's possible to renew this trend with the help of the books IVe 
discussed as well as a host of others. It's conceivable that an ever-larger portion 
of the population can experience nature and feel what John KlrkTownsend, a 
physician and pharmacist, described In 1834: 

None but a naturalist can appreciate a naturalist's fecllng-his delight 
amounting to ecstaay-when a specimen he has never before seen meets his 
eye. and the sorrow and grief which he feels when he is compeUed to tear 
himself awayftxjmaspot abounding withallhehas anxiously and unremittingly 
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The Importance of Trivia 



I enjoy txlvla* although I don*t know the pitchers In the last game of the 
1953 World Series or who played Clarabelle in 'Howdy Doody.** Tm interested in 
biological trivia, like the fact that ^he human body breaks down more than 2 
million eiythrocytes each second, o« hat, on rare occasions, a human being is 
bom with a tail. My students also sc ^m interested in such facts. These rather 
useless pieces of information stick in their minds the way chewing gum sticks 
to the sole of a shoe: my sister still remembers the human tail stoxy from a biology 
course she took 15 years ago. But are such inconsequential bits of information 
really useful in teaching, or do they Just eat up classroom time and clutter 
students* brains? 

The Tale of a Tail 

I think the answer depends upon how we use such tidbits. Recently, after 
a discussion of birth defects, my students arrived at the next class with clippings 
from several newspapers reporting the birth of a child with a tail. Eveiyone was 
•nterested. The human mind, and particularly the student mind, craves novelty, 
and this new item had the added appeal of being a bit bizarre. The tail reminded 
eveiyone of our primate ancestry. 

Luckily, I was prepared to meet their interest. I had Just read the report on 
'vhich the news articles were based, because the story fascinated me as much 
as it did my students (The New England Jourmd of Medicine. May 20, 1 982) . As 
Fred D. Ledley admits at the beginning of this article: The birth of a child with 
a caudal appendage resembling a tail generates an unusual amount of interest, 
excitement, and anxiety.- But Ledley does more than describe this case. He 
takes this rare anomaly and gives it significance by using it to illustrate several 
Important points. 

This anomaly is very uncommon; this was the first reported case at 
Children's Hospital Medical Center in Boston since 1936. Nor can it really be 
called a tail. There are several morphologic dJCferences between this 5.5 cm long 
caudal appendage and the true tails of other vertebrates. The caudal appendage 
had no vertebral structures, while normal vertebral tails always contain caudal 
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vertebrae. It was composed of a fibrous, fatty core covered with normal skin 
cont^ilng dermal and epldeimal layers and hair follicles. Also, the appendage 
wasn t at the end of the vertebral column where a tall is normally found. Instead 

^llT f^'^^J" ^^^^ of the area of the sacrum and about 1 .5 cm to the 
right of the midline. 

How does such a structure arise during the development of an otherwise 
normal lndivldual?Ledley looks to studies onmutant tails inmlce for an answer 
In the truncate or boneless phenotype. the notochord doesn't extend properh^ 
Into the tall of the developing embryo. Without the presence of the notochord 
somite cells In the area degenerate. With no neurotube or neural cord, the 
embiyorilc tall constricts, leaving a filamentous appendage that is often found 
displaced from the midline. 

r.i * ^"^^ ^ comparative embiyology to make two points. 

First, the human caudal appendage doesn't support the theory of Haeckel that 
ontogeny recapitulates phylogery." though it was cited In this context In the 
19th century. The caudal appendage doesn't signify a reversion to our ape 
ancestry any more than the mouse with truncate phenotype represents a 
regression to a lower vertebral form. Secondly, the structural elements In the 
human caudal appendage are almost identical to those in the tall of the truncate 
mouse so that thelrorlglnsmaybe similar, although normally one spe .esends 
up with a tail and the other one doesn't. The morphological development of a tall 
deperids upon a precise temporal sequence and spatial relatloi* among caudal 
structures during a critical period. Thus, if the timing of tall-bud formation Isnt 
connect, or the spatial relation between the notochord and adjacent structures 
iri the developing tall is off. the result will be an abnormaUty such as the truncate 
phenotype in mice or the human caudal appendage. 

Comparative studies of the proteins and DNA of humans and chimpanzees 
show about a 99 percent idenUty between the two species. The rather larfie 
d^erenc<» between them In appearance and behavior between them are attrib- 
uted to differences In regulatory genes that control the timing and kinetics of 
gene expression. Thus, the caudal appendage shows that at least some of the 
strijctural elements necessary for tall formaUon remam In the human genome, 
and that some as yet unknown abnormality in gene regulation allows them to 
be expressed. Therefore, teratology, the study of malformations, maybe able to 
teU researchers something about gene regulation and the processes of develop- 

frHHo i^^",f ^^"^ anomaly-one might say a piece of 

trMa-and used It to Illustrate several points about the history of science 
jrwlutlon. development and gene regulation. Mentioning in class that some- 
Jwli-^if ^ bom With a tail may make students wake up and take notice, but 
^tif^l^^f^"^ "° t° do what Ledley has done. After 

fnti^l^^ attention, we have to capitalize on our ploy and lead them further 
about tSte concepts tiiat are worth remembering more than a tale 

The Fated TUgu 

crn,, JT'J^f" *5 ? ^''T''^ P^^"^^ ^^^^' ^^^^y poisonous. Is Considered a 

5n™tl ^ . r ^^P^ ^^"^^ September). It is relatively safe if prepared 
correctly, but ^ugustUl was responsible for 60 deaths in Japan to 1980 Why do 
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I>eopIe continue to play Russian 
roulette with fugu when there 
are plenty of other flsh In 
the sea? Apparently they 
get a zip out of fugu. 
Even when propertypre- 
pared. which involves 
removing the skin and 
viscera and washing the 
muscle, the fish still con- 
tains enough of the poi- 
son, tetradotoxln, to cause 
a tingling sensation in the 
fingers, toes and tongue. So 
fugu fanciers are getting more than protein from their meal. 

The Food and Drug Administration has prohibited Japanese restaurants 
In this country from serving fugu, so our students are unlikely to encounter it. 
But it's worth mentioning because it's a great way to introduce a discussion of 
food additives and put this often controversial subject into perspective. Butyl- 
ated hydroxyanlsole (BHA) or sodium bcnzoate might not whet their appetites 
for this topic, but a little-known fish that packs a wallop might. 

After cyclamates and saccharin, the public has become suspicious of food 
additives and likes food to be "natural," but the fact remains that food additives 
are difficult to eliminate. They do have a role to play in making packaged foods 
available. Sodium nitrate does prevent bottillsm. and BHA does prevent fats 
from becoming rancid. Nor are even the most natural of foods free of suspect 
substances. Much of the sodium nitrate we constmie comes not from bacon and 
ham, but from green vegetables like spinach. Shrimp contain arsenic, potatoes 
have the alkaloid poison solanlne and the seemingly innocent carrot harbors 
both the narcotic and psychoactive substance, myristican, and the nerve 
poison, carotoodn. 

I'm not suggesting that we warn our students that vegetables can be 
hazardous to their health. Most of these toxic substances are present in such 
small quantities that they produce no harmful effects. In this regard, fugu is the 
exception that we can use to prove the rule. A discussion of natural toxins can 
help clarify the food additive question. Adding substances to food can create a 
health risk, so the safety of these substances must be rigorously tested, but it's 
impossible to reduce risk to zero-even natural foods have hazards-and a small 
risk is sometimes more than balanced byalarge benefit, as In the case of sodium 
nitrate (The New York Ttmes, Deccjiber 10, 1981). 




Tlrm Trivia 

Bacterial research is a great source of fascinating trivia, probably because 
we find it hard to believe that organisms so small can be so chemically complex 
or th{«t any living thing can survive in the harsh environments some bacterial 
species find hospitable. Within weeks of the eruption of Mount St. Helens, vol- 
canic lakes were teeming with microbial Ufe (iVdture, March 4, 1982). In thermal 
vents deep beneath the ocean, bacteria grow rapidly at temperatures up to 
300**C and pressures higher than 200 times atmospheric pressure [Science 
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jyeii»s June 19. 1982). And William GhloiBc of ComeU University has discovered 
bacteria growing in soU samples taken from a depth of 25 fS l^o^^uS 
subsurface material was thought to be devoid of life ^ousfy such 

Not only can bacteria adjust to widely differing habitats but thev atv. 
chemically versatile as well. Though silver istoxlc t^mX baS;!?^^^ 
accumulate laige quantities of it In tiie fon^<i^trs^^ctS^^,f^'t^i 

^J^ature, April 15. 1982). But their chemical versatiUty can make bacteria a 
nuisance, too. There is now evidence that microbes am meZSte tS 
pounds, and the resulting chemicals mav hTi^r csi™ ™e^yiate tin com- 

nrnlitf ™<^^^'^^^^^^^^^^ ant^oSS^^S'^raS: 
quant ties find their way into the environment each year. sottfcK if th?ir 

If any bacterial substance can cause trouble, the botulinus twdn tons the 
list But now researchers have found a use for it in the treatment of^b^us 

Z^^^^i^^^- P'^""^^ "lis f«>™ njleasing the a^fchXe 

needed for muscle contraction. If minute quantities of toxin^talSSo tt^e 

relaxes and stretches. The muscle on the opposite side of the eve i^^then nu5 
tht eye back into line {Science News. May 221 1982) ^ 
fo^fo ^ ^"i^^ of bacterial properties can be numbing, but used sparindv such 

complexity. Harold Morowltz makes this point beautifully in an essav calVH nn 
F^t Loo^ into Bergey's Manual (in Vie Wine QTLfTe c^^l^^r^st^t ^ 
Societies. Energy &,Uving Things). ^uj. uuier essays on 



The Difference Between UJl and Right 



to tu^lS wh^n'?^'^? t^^^T^ ^'"^ dlrecuons. I usually want him 

fniSm f "^^"^^ worst, we tnd up c^o^i^^ nTw ^it S 

town. When I menUon this defect in class durintf a dist^ionTf 

are misoriented rather than disoriented Wafure. January 28 19821 Pai^w 
warblers usuaUy fly southeast in autunm. Much <iSSt <^r wTtr i^ 
they have few landmarks to follow. Immature birds on Iht^aZm J^^lf'.^ 
seem to be directed by a genetically spedflS cS^pZ wSuU*£SX« 

iS.-'utaS^l^rure"^--^^^^^^^^ 
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Most of these Vagrants" probably die during their wanderings. But two 
warbler species now have regular West Coast winter ranges as well as their main 
ranges In the Southeast. The location of these western ranges is consistent with 
mirror-image migration, so this "mlsorientation" may have an adaptive advan- 
tage if it leads to the development of new wintering grounds. 

Though biology teachers must guard against anthropomorphizing, some- 
times analogies are valid. It would be interesting to see if the brain lesions that 
occur in some humans with Impaired left-right discrimination also exist in these 
warblers. And, at the very least, this phenomenon is a nice way to Introduce the 
navigational systems used by migratory animals. 

Playing the Numbers 

Statistics are a great source of trivia. Too many numbers can make the 
head spin, but a well-placed statistic is often worth a thousand words. Numbers 
can make ideas concrete. IH Just mention a few of my present favorites. 
Seventeen billion cells are sloughed off the walls of the Intestine each day. Tills 
item graphical^ Illustrates the renewal process constantly going on in the body 
[Scientiftc Amertean, November 1981). There arc more species in the order 
Coleoptera, the beetles, than in the class Angiosperma and even, perhaps, than 
in the whole plant kingdom {Nature, December 10, 1981). I c an't say that this 
piece of information has increased my appreciation of beetles, but it does point 
up the great variety in the class Insecta relative to other classes. And speaking 
of insects, the gut of the termite, Pterotermes oaMentis, harbors at least 100 
species of protozoa and bacteria {Scient^Amertcan, February 1982). This fact 
can be used to Introduce the idea of the digestive tract as ecosystem. And the 
unique demands put on cardiac muscle can be Illustrated by the statistic that 
the heart beats 100.000 times a day. 

I must admit that in this column IVe been guilty of a sin common to those 
wiio enjoy trivia: IVe overdone it. But I hope I've demonstrated that trivia can be 
used for more than a trivial purpose. If it is presented not for its own sake, but 
firmly tied to some basic concept, it can be a valuable teaching aid. 
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May 1984 



Broadening Our Horizons 



thP ""^ husband spent two months in Paris dolntf research at 

the Bibllotheque Natlonale. France's equivalent of thP nhro«I «f ^ ^ . 

rivere thTmenS^Tomo^wt ta^;^h^^^^ than Americans, the mnch 
are streets In Part"namefaft«-Cl^^«^n^^^ Intellectual heritage. There 
ThereareMetrosta?ro^Z.e^^'^-^,^^«|^=;^w^^^^ 
100 franc note ScIentKto *'?^'*''"''''«'a<>rolxgraces^ 
>^rtBiCit\^l^^^^.^"^^ shortchanged In these fonns of 
peara on the SOOfranc^^tnHl surpasses Delacroix because he ap- 
^LouSVaLte^iS^ He- T '^^^^ 'o the memo^ 

Paris. Pi^ur's SsiTa^ ^'^^^ found all 

h,theHue.UUn.onaru^^rtTe5?^tl^~r^^^^^^ 
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enumerating Louis Pastetir's accomplishments during the 24years ( 1864- 1888] 
he worked there. In this very unassuming building he did research on such 
varied diseases as anthrax, chicken cholera and rabies. Just seeing that plaque 
gave me a thrill. It seemed to bring me close to a man whose scientific 
achievements I had studied so mai^ times. 

On another outing, I passed the Necker Hospital where a sign reminds the 
passerby that this is where Laennac developed the stethoscope. Wandering 
around the He dc la Cit6. 1 found a narrow street behind Notre Dame .where the 
anatomist and physiologist Marie Francois Bichat died in 1802. It was exciting 
to come so close to places-and hence to people-that have always seemed so 
distant, to walk through the Museum of Natural History where Lamarck and 
Cuvier worked, to see the building in which Becquerel discovered gamma 
radiation. 



-As teachers, we obviously can't be experts on every coun- 
try's sciermfic specialities, but I think we should make our 
students aware of what tt really means when we say that 
science is an international endeavor. 



Now I fully realize that many great scientific discoveries were made in New 
York-Avery's work on DNA at Rockefeller University. Morgan's Drosophila 
experiments at Columbia. Perhaps, it was Just the excitement of being in a 
foreign country that made my coming upon these signposts of history so excit- 
ing. But I think it was also because I felt proud that scientists are so publicly 
honored In France. Benjamin Franklin, for example. Is more revered in Paris 
than he is in most American cities. The French think of him not primarily as a 
political flgure-the facet of his accomplishments that Americans stress—but as 
a savant, a thinker. There is a Rue de Franklin, busts and portraits of him are 
found in several museums and. at the Mus6e d'Art Modeme. he Is Included in 
Raoul Dufys huge mural on the history of electricity . 

Another thing that makes the history of science so fas«:lnating in this city 
Is that there's so much of it. The HOtel Dleu, one of Parls's largest hospitals, was 
founded In 660. The Jardln Des Plantes, the botanical garden on the Left Bank, 
was established during Louis Xin's reign. For an American 200 years seems like 
a long time, but In a city with Roman baths (at the Mus6e de Cluny) and a 12th 
century cathedral (Notre Dame), perspectives change. In a small park on the Left 
Bank. In sight of Notre Dame, is a tree said to be the oldest in Paris, planted by 
the botanist Jean Robin In 1601. Ironically, it is not a European species but a 
black locust, Robiniapseudoacacki, brought back from the then very New World. 

Obviously I enjoyed my trip to France, and though I didn't have much 
direct contact with French s ientlsts, this trip changed some of my attitudes 
toward science. It helped me to break through my provincialism and see that 
others view science differently than we do In the United States. 

Sometimes the difference in approach is trivial. In nutrition, for example, 
we organize food into four basic groups-milk product.^, meats, breads and 
cereals, fruits and vegetables. The French take the same foL ds and come up with 
six groups by creating a separate category for fats and by rl^erentlatlng between 




raw and cooked fruits and vegetables. Not surprisingly, I like our system better 
because it's simpler. But the Frtnch can easily Justify their approach. Butter 
does have a much higher fat content than any other milk product, and it's 
stretching a point to Include vegetable oU In the fruit and vegetable categoiy. 
Also, cooking does, at least In some cases, radically alter the chemistry of fruits 
and vegetables. 

Science Is always proclaimed as a universal endeavor, one that knows no 
national boundaries. Scientific evidence should be freely disseminated through- 
out the world, and the same experiment, done In five different countries, should 
yield the same results. This is all true, but It denies the reality that there are, 
infact, national differences in the way science is dene. Several articles published 
recently in theParls newspaper LeiiT^ioillustrate this point. One dealt with tlie 
French govermnent's efforts to designate certain areas as espaces verts, green 
spaces. Inmost European countries there are few wilderness areas comparable 
to what we have In Alaska or the western states because these countries have 
borne too large a population for too long. But they too want to preserve what 
green they have, so they concentrate on smaller areas. While we talk of national 
parks with thousands and millions of acres, they are concerned with preserving 
small forests and parks. They arc also much more conscious of preserving green 
spaces In cities. There are beautiful parks all over Paris that are treasured by the 
Inhabitants. This love afjardins goes back to the time of the monarchy. Many 
of the public gardens-the Luxembourg and the Tulleries gardens and the garden 
of the Palais Royal-^ere once the private preserves of royalty. 

Another arUcle In Le Ftgaw dealt with AIDS, or what the French call SIDA, 
syndrome Immuno-deflcltalrc acquis (the French do everything a little differ- 
ently!). It's not surprising to find the French covering a story to which the 
American press has devoted so much space, but it Is interesting to note subtle 
differences in approach. LcfUgorofocused on the role of human Tleukemla virus 
(now called HIV) in the disease because work on this virus Is being done by Jean- 
Luc Montagnier at the prestigious Pasteur Institute In Paris. While American 
reports question the extent of U.S. research, as If AIDS were solely a U.S. con- 
cern, the French report stressed the cases in Europe. Reading this re- 
port made me realize how provincial the press canbe , and 
how difficult It is to guard against the idea that one's own 
perspective is the only valid one. 

A third article, on the bubonic plague outbreak in 
Arizona and New Mexico during August 1983, men- 
tioned the plague epidemics that swept through France 
In 1348 and 1368. These ancient epidemics are much 
more real to people living in a city where many of the 
buildings they pass every day date from this period 
or even earlier. 

I think It's Important to remind ourselves 
and our students that our view of science is 
very provincial. Science is indeed an Interna- 
tional endeavor, but In science as in every- 
thing else, we are much more aware of 
what's happening in our own backyard. Of 
course, scientists and educators In other 

countries are often Ju st as provincial as we © Copyright 1 980 AnAmtnca studios 
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are, A book called he darwinisme aiQourd'huU edited by femlle Nofil, contains 
transcripts of radio interviews with leading French experts on evolution. The 
first chapter is devoted to Lamarck, something that would be unlikely in an Eng- 
lish-language book on Darwinism today. While this interview might overstate 
Lamarck's place in the development of the theory of evolution, it does serve to 
counterbalance the relative neglect he has suffered in English and American 
writings where Darwin's name casts a deep shadow over all others. When we 
think of Lamarck, we think of glrafifes stretching to make not only their necks, 
but those of their descendants, longer. This is a far cry from the French view, 
expressed at the base of a statue to Lamarck in the Jardln des Plantes where 
Lamarck served as professor of botany and then of comparative anatomy. There 
he is described as the founder of the idea of evolution. Lamarck carried on 
important investigations in the comparative anatomy of invertebrates and used 
this work to support his theory of continuous oiganic evolution. The inheritance 
of acquired traits was, in fact, only a secondary element of his theory (A History 
of the Sciences by Stephen F. Mason). 

Le darwinisme aqjourd'hui goes on to examine the influence population 
genetics, paleontology and molecular biology had on Darwin's theory. The treat- 
ment is Just about what you would expect from an American publication on the 
same subject. But a glance at the bibliography reveals that virtually all the 
publications cited are French. Very few of those we consider leaders in this field 
-Mayr. Simpson, Eldredge, Stanley-appear. I'm not saying that this leads to 
serious distortion, but it does change the tone and flavor of the presentation. It 
also illustrates what a serious barrier language presents to the flow of ideas. 

The French are painful^ aware of this problem (The Sciences, December 
1982). Many feel publishing in English-language Journals Increases the Impact 
of their research. At science conferences, even those held in France, up to 75 
percent of the French scientists present their papers In English. But when 
writing for a native audience, they fall into the rut of almost exclusively citing 
French writers. In The Logic qfLife, a history of genetics written by the Nobel- 
wUming French biologist Francois Jacob, the majority of the references are to 
FreiKh scientists. Though the French have obviously played an Important part 
in the development of this field, its history would be approached differently and 
different trends emphasized if it were written by a British scientist. 

The French are not at all unique In this national chauvinism. More than 
once I've picked up a book in English and realized from the number of references 
to British writers that the author must be from Great Britain. 

Two months in France do not qualify me as an expert on that country, but 
it did serve to Jolt me out of my provincialism. The way we approach science In 
this country is hardly the only way to do it. Sc* n^e cannot help but be done 
differently in a country such as France that has a different tradition from our 
own. Yet we both share the same basic Western philosophical and cultural 
tradition. So it is not surprising that approaches to doing science will be even 
more varied in countries with very different traditions. 

As teachers, we obviously can't be experts on every country's scientific 
specialities, but I think we should make our students aware of what it really 
means when we say that science is an international endeavor. While scientific 
results should be the same no matter where the work is done, the scientific 
process is not without a national character. The results of an experiment may 
not vary from country to country, but the experiments that scientists choose to 
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do may Indeed show such national variance. This, I think, adds to the richness 
of science rather than detract from it. The English and French, with their love 
of gardens, put more emphasis ou botanical research than we do. A great deal 
of interestliiig agricultural research is being done In developing nations where 
Ingenious solutions are being found to the problem of feeding rapidly growing 
populations. The Chinese are experts at devising ine3q>ensive solutions to 
medical problems, for example their use of glossypol, a constituent of cottonseed 
oil. as a male contraceptive. 

A small change of emphasis in our courses might make students more 
aware that American science is Just one part of a larger picture: the research 
problems we choose to tackle here often have little relevance in other parts of the 
world. For example, a health class presentation on infectious disease might 
include a discussion of parasites as well as of bacteria and viruses. There are 
many examples of ecological problems in Asia, Africa and South America. And 
the flora and fauna of Australia make perfect illustrations of themes in 
evolutionary biology. 

One night in Paris we ordered "Rognon de veau de Madeira" for dlrmer. We 
felt that veal cooked with Madeira wine couldn't be too bad. but we were 
surprised when the waiter asked what wine we'd like with our kidneys! I knew 
the French word for kidney as rein, but I learned that evening that in cooking 
It's called rognon. Neither of us had ever eaten kidneys, and if our knowledge of 
French were better, I'm sure we wouldn't have ordered them. But we would have 
cheated ourselves, because this was one of the best meals we had in Paris (and 
we had many great meals). I think we should expand the menu in our biology 
courses: we should treat ourselves and our students to a taste of international 
science. It might turn out to be a pleasant change. 
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Branching Out 



When I began teaching 14 years ago. I had a B A and an MA. In biology. 
I suffered under a delusion shared by many beginning teachers: I thought I knew 
a great deal about my subject. Surely I knew enough to handle my first 
assignment, teaching Introductory biology to nonsclence majors. I easily knew 
ten times, a hundred times more biology than these students. So. armed with 
this vast background, and with lessons prepared using the assigned textbook 
and several backup texts. I confidently entered the classroom. Needless to say. 

it tooknomorethanaweek of teachlngtomakc me realize that all my knowledge 
was little more than a thin veneer over a vast mass of Ignorance. 

My students might not have known a great deal of biology, but their veiy 
lack of knowledge caused my problem. They wanted to know more, so naturally 
they asked quesUons. And as any beginning teacher knows, questions can be 
deadly. It s like a presidential candidate at a news conference: no w itter how 
many possible questions youVe considered, they can always hit you with 
something out of left field. Do men develop breast cancer? What's a hiccup? Whv 
do prunes have a laxative effect? 

I soon discovered that it wasn't so much that I didn't know enough biology 
but that I knew the wrong biology. I had taken several courses m biochemlsSiJ 
and molecular geneUcs. and my master's thesis had dealt with bacterial 
enzymology. I could have given weeks of enthusiastic lectures on protein syn- 
thesis, but the syllabus restricted me to a week, and my students' lack of 
background limited me to a simple explanation of the process. They rarely asked 
questions about transfer RNA or DNA polymerase where I could have dazzled 
them with my erudlUon. No. they wanted to know If tight Jeans really cause 
infertility in men and what diet pills do to the nervous system. 

During that first semester there was Uttie I could do about my knowledge 
gap. Like most new teachers. I treaded water and tried to stay at least one class 
preparation ahead of my students. But from then on I tried to branch out to 
leave my UtUe world of biochemlstiy and survey the rest of the world of biology 
I gave up reliance on textbooks as major sources of Information and started to 
read rather randomly in biology. It was at this point that I first subscribed to TTie 
American Biology Teacher. Scientific American and Science, hoping that these 
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Journals would help make me a better biology teacher. They certainly helpt d to 
keep me abreast of new trends In science and In teaching, but I still had to deal 
with the gaps in my background. 

My students' Interests, the topics about which they most frequently asked 
questions, were my primary guides. Since I was teaching a course that covered 
the oigan syi tems, I delved Into physiology, particularly human physiology, 
bcra'dse students were more concerned with what was going on Inside their own 
bodies than with how earthworms orfix>gs digest or reproduce. At the time, I had 
nelUi ;r the knowledge of frogs and earthworms nor the i. *.aclilng skUl to relate 
the strategies used Ir. our own ^temus to those used in other animals. When I 
read Homer Smith's From Fish to PhJlosopher ' 1 953) In which he describes such 
relationships for the kidney, I realized how this topic could be approached and 
how Interest In the functioning of their own bodies can be used to develop 
students' interest In other animals. Schmidt-Nielsen's How Aiiimals Work 

(1972) was another fascinating guide In this area. 

I must admit that at this point in my development I found Isaac Asimov's 
The Human Body (1963) and The Human *■ uin (1963) useful sourcis of 
information to make ix^r presentations 'nore L ly; Gustav Eckstein's The Body 
Has a Head ( 1970) served in the same way. But I did not limit myself to physi- 
ology. I also read in zoology-The Year of th? Whale by Scheffer (1969), 
entomoloj^y-Z^e on a UtUe knowp Planet by Evans (1968) and botany-Plants, 
Man end Life by Anderson ( 1952). I delved into ecology-Sflcnf Spring by Carson 
1 1962) and evolutlonaiy biology-Eix}Iutton and the Diversity qfUfe by Mayr 

(1973) . I read classics such as Schr6dlnger's What tsL(/e? (1944) and Cannon's 
The Wisdom of the Body (1939). 

I thoroughly enjoyed myself through all this reading, but I began to realize 
that to reach my goal I had to learn more than biology. There was a world outside 
of biology that six years of education in the sciences had made me almost Ignore. 
But to my students this world was very real, and it was biology that was 
peripheral. Teaching biology to nonmajors. I discovered, requires more than a 
knowledge of biology; it requires an awareness of biolog/a L*rJcs to other 
disciplines, to the rest of the world. For example, health Issues came up con- 
stantly. I bought myself Best and Taylor's The PhysitAogical Basis of Medical 
Practice (1966) and read Dubos* The Mirage of Health (1959) and Rosebury's 
Microbes and Morals (1973). I even tackled Hdps; n'a Autopsy (1977) to satisfy 
my criminal justice students and Sclzer's MortalLessons-Notes on the Art qf Sur- 
gery (1976) to please the more poetic members of the class. 

Finding answers to health questions rapidly led me into questions of ethics, 
and The Hastings Center Report has been an invaluable asset In exploring this 
terrain: What are the moral problems Involved In embiyo research (Abramowltz 
1984). in screening for genetic defects (Rosenfeld 1984). in feeding dying 
patients (Stelnbock 1983). I soon realized that I was not only branching out mto 
an exploration of health problems, but philosophical questions as well. 

I found reading ethical discussions a bit uimervlng at first because the 
alms of philosophers seem different irom those scientists. Scientists try to find 
answers to questions, while philosophers are more mtercsted in exploring the 
questions and the consequences of possible answers without necessarily com- 
ing down on the side of a particular alternative. But the issues phIlo«»ophers raise 
are becoming crucial as the power of biology and medicine increase. The 
questions Involved with genetic engineering are an example of this. The Ltmtts 
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qfScient^ Inquiry (Holton & Morrison 1978). written in response to the early 
debates on recombinant DNA technology, takes a broad view of the problems 
and includes contributions from philosophers, historians and political scien- 
tists. Such a volume Illustrates the variety ofllnks that biology forms with other 
disciplines. These links can lead not only to enrichment of the fields invot/ed, 
but also to conflicts between them. If the Interests of science conflict witli ether 
interests cf society, how are these difficulties resohred? In this volume, Loren 
Graham gives what he terms a "taxonomy of concerns" about science. For 
exainple, he dlff'erentlates between concerns about technology and concenL« 
about basic research, and in the latter case he further differentiates between 
research on human subjects and other types of investigations. I found this 
article helpful because it brought order to issues often lumped together under 
the heading "Scif;nce and Society." 

Graham's "taxonomy of concerns" led me to some of his other work. 
Including Science and PhOosophy In the Soviet Union (1972). This is a fascinat- 
ing book that discusses how the philosophy of dialectical mate- 
r 1 a 1 1 s m / ' "\ has inflivenied 20th century science in the Soviet 
Union, (ivlW from Opariii's work on the origin of life, to Fock's 
work in fBSflY relativity theory. Though Graham docs a thorough 
Job of v/l'I discussing Lysenko's role in the eclipse of genet- 

in the Soviet Union, he makes the point that 
there are many more interesting exam pics 
of the interplay between science and 
philosophy in the Soviet Union, examples 
such as research on the origin of life 
where the effects were positive rather 
than negative. 

In a nore recent work. Between 
ScienceandValues (1981). Graham 
examines value issues in both the 
phjrslcal and biologica! sciences. 
In one chapter he compares the 
cogenlcs movements in Ger- 
mpjiy and the Soviet Union In 
the 1920s. Though these two 
countries developed opposite views on this 
subject in the 1930s, earlier their approaches 
were surprisingly similar. TTils ic^ds Graham 
to assert that differing ideologies do not nec- 
essarily' lead to different attitudes on scien- 
tlflc issues; he then goes on to investigate 
why eugenics proved mcire attractive in Ger- 
many than in the So /let Union. A volume 
like this illustrates now closely biology is 
tied to history, political science, sociology 
and philosophy. But rather than making 
biology seem less Important, it makes it 
richer and more stimulating by show- 
ing how it is aed to the rest of the 





world. 
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Lynn White, another contributor to The LImUs qf Scientific Inauiru, also 

crrd (1968) He^cesthebcglnnlng of whatCP. Snow labels 
f .?.?e!? ^ a"«»P"nS to curb thcThomlsUc effort to integrate 

i^l^J""^ Aristotelian log. the Churth asserted that thrtyje erf 
liwestlgation appropriate to the study of religion was different from that appro- 
priate to the study of nature. This left the study of nature relaUvehr free from 
ttieo oglcal taterveritlon. Also during the Middle Ages, the Idea of God as lawgiver 
developed. TTils led to the concept of laws of nature which humans could 
discover by studying nature. For these and other reasons, religion helped rather 
ttian hindered the development of science in the Middle Ages, and this 
development paved the way for the blossoming of science In the Renaissance. I 

?f thP 1^^!*! "'^'^•'^'^ ^ ^^y« as a classic example 

f iuu ^ ^te says the clash is not inevi- 

table, and this leaves open the possibility for a future fruitful r«laUonship 
between these two expressions of the human spirit. 

perspective can in many ways make science more intelligible. 

l^n r^Xn^r^'^!^^^'^''\'^^°'^' ^"^^^ ^ ^PP">^^>^ ^ AS Thomas 
Kuhn menuons in the preface to The Structure of Scientific Revolutions (1962) 

^LnWwLT'?^ ^^^^^'y when he was c o^ to 

completli^ his doctoral dlssertaUon in physics! It is significant that this exoo- 

'° 'T^^ ^ ^""^^^ "^'^^^ for nons^llS^^^. 

•nils courae was based on the work of James Conant who. in On Understand^ 
Sctence (1951). suggested a historical approach to science as a wavtocreSef 
sc entifically literate pubUc. But Kuhn'^es a flaw in^e wayZ hi^K 
science U usuaUy taught. Science textbooks, he says, describe or^ thafpS^ of 
^lfZ'^^ ^^'h ^'""^i" P"^^*^'^^ theories. iC distort^he 

rn1hTnf«y^H ^° seem valuable today are denigrated, though 
T«^r S^S^if^r ^"^^^ "^^"^ ^« development of Xice. Stephf n 
Jay Gould (1983 cites an example of this in the work of French paiecncologist 
Georges Cuvler (1769-1832). As Gould says. "Cuvler has suffered prSy 
because posterity has deemed incorrect thj two main conclusions th^S 
va ed his work in biology and geology-hls belief in the fixity of sp^iS iid his 
f^ it?^?"^"^-! Gould contends that, for Cuvler. these ideas prXed 
fruitful research that estabUshed the basis of modem geology. Cuvler-rideas 

f tHtnH^c. ; H "^"'^'.^ ^ ^ « ^th different values aiS 

vw^?l7J important^, with much less informaUon available to him. 
Viewed in this way. the hlstoiy of science becomes more Interesting It 

SlTf^?ch«;:fp^n^*^l?^^'^ achievements ofleS iS 

^^^^at mndP^^r!^^^ ? ""'^^ ^° ^^^^ ^'^'"'^'^ °f the past. Hie 
f ...I f^^t* «^^^allze how fascinating the hlstoiy of science is. and how it 

^ondOie Oxford Phystologists ( 1 982). Frank explains the background agaliSt 
. f^"^ ""f^^ discoveries on clroulaUon and shows theLifluencwXt 
changed Harvey's thinking over the year^. He also explains why Ha^did not 

doing more. If we Jump from this type of historical analysis back to the pre^t 

TnT^Th ''fr ^^^"^ assumpuons made to doing r^sSrch t^ay 
and of the ethical, social and pollUcal influences now playingTrole in decid^ 
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on what research Is done and how it Is approached. I think such points must be 
understood by students If they are to be scientifically literate. 

But to help our students become sclentlflcalfy literate we must be 
scientifically literate ourselves. When I began to teach I was. at best, seml- 
llterate in science. I had been taught the facts and theorit s of science, but not 
what science is about, not how science fits into the larger picture. My branching 
out has led me toward scientific literacy. My views on the process of science have 
changed since reading Beveridge's The Art of Scient(^Ini>est^atton (1950) and 
Judson's The Search for Solutions (1980). I developed a better idea of the 
differences between science and technology thanks to Florman's TheExfstenttal 
Pleasures oJEngineerlng ( 1979) and Blaming Technology ( 198 1). Thou^ I have 
always been afraid to tackle the philosophy of science, my fears have subsided 
afterreadlng and enj eying Bronowski's Sdence and Human Values (1956) and 
The Identity of Man ( 1 966) . Hanson's Pattern's of Discovery ( 1962) and especially 
Kuhn's classic that I mentioned earlier. Kuhn also delves into the sociology of 
science, and IVe done a little more exploration in that area, reading Merton 
(1973) and Barber and Fox (1958). On the lighter side of sociology, I found 
Marston Bates' Gluttons andUberUnes (1967) a revealing look at human nature. 
As to the future of science. IVe read both a pessimistic view in Stent's Paradoxes 
of Progress (1978) a: d a more optimistic prediction in Thomas' The Youngest 
Science (1983). FInalty. I've come to relish the histoiy of science, particularly the 
history of evolutionary theoiy as recounted in such bodks as Mayi's comprehensive 
The Growth of Biological Tlwught (1982). Irvine's Apes, Angels, and Victorians 
(1955) and Barzun's Darwin, Marx, Wagner (1941). 

By branching out. IVe tried to compensate for the deficiencies in my 
education, defklencies that. I think, are shared by many science majors and that 
are unfortunate for several reasons. First, the type of education that focuses 
almost exclusively on science isolates scientists from people in most other fields. 
Scientists' interests become so narrowly focused that they verify the stereotype 
that many nonsclentists have that scientists are cold, uninteresting people 
because they can talk of nothing but science. Second, without understanding 
the context and process of science it is impossible to appreciate science's full 
beauty and richness. Obviously, if I didn't find science fascinating I wouldn't 
have majored in it. But today, though I am more aware of science's limitations 
and problems. I am more thrilled than ever to be involved with it and to have the 
opportunity to teach others about It. Flnalfy. It is in teaching that a lack of 
background in the histoiy. philosophy and sociology of science is most unfor- 
tunate. It was almost impo^ble for me to convey to my students the full scope 
of science when I was so poorfy prepared n^rself . In fact. It was the inadequacy 
I felt when I tried to reply to student comments such as. This must be true, a 
scientist said it" or "It must be true, they did experiments to prove It." or the 
proverbial "E^rolutlon is only a theoiy." that fired me to keep reading. 

When I teach introductoiy biology, the histoiy. philosophy and sociology 
of science are not main topics of discussion. I am fiimfy opposed in introductory 
courses to diluting the science content with too much inteidisclpllnaiy material. 
Nonscience majors get little enough science without diluting It further. But I 
think that, as a teacher, my own background in these areas is important In 
convejdng to students a full picture of what blolQg/ is about, its strengths and 
weaknesses and beauty. 
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September 1985 



Things Vd Never Thought About 



There's so much I don't know! I think all general biology teachers feel this 
way. A field that encompasses the entire living world Is daunting. We are com- 
fortable In certain areas while in others our ignorance may be coated by only a 
thin veneer of information. 

This ignorance can be divided into two categories: things we know that we 
dont know and things we have never even considered. In the first category I 
would, in my own case, Include tiie fine points of taxonomy, invertebrate 
physiology and any botai^ beyond the most elementaxy. In the second categoiy 
it Is Impossible to know Just what to Include. That's the point: the categoiy 
includes all those things that it never even dawned on me to contemplate. For 
example, how can microscopic bacteria slow down a supertankei? Can a mas- 
tectomy reduce fertility? Docs the intestinal lining develop and atrophy in 
response to changes in use the way muscle tissue docs? IVe recently discovered 
answers to these and other questions, questions I'd never thought to ask. In 
some cases, it seems that no one else thought to ask them either until quite 
recently. In others, curlosityled investigators to these areas years ago, anditwas 
Just my Ignorance th' t prevented me from discovering them until now. In this 
column m c« xuss a few of these points in the hope that at least some of them 
will come as news to you. too. 



Stlckn Bajderia 

Bcxoterla are so small they can be swept along by the gentlest currents in 
an aquatic environment or by cillal motion in the resplratoiy tract. In both cases, 
they need to adhere to a surface to prevent endless drift and to establish viable 
communities. The layers of organisms produced by this adhesion arc called 
biofllms and have become of Interest in fields from medicine to economics (Lewin 
1 984) . Adhesion is produced by means of exocelltilar polymers called adhesions. 
In some cases, as when disease-causing bacteria adhere to mucus membranes, 
the adhesion is specific and microorganisms like the gonoirhea-causing Afets- 
serlagonxMTfioeae may be able to alter their adhesions to escape immunological 
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attack and to attach to and penetrate, different types of host ceUs. 
o Ki n, 7^ ^ ^ of economic interest. If a large ship's huU is covered with 
a biofllm jvst a few hundred micrometers thick, iti speed can be slowed by S 
much as 20 percent. Similar films In pipes and In steam toven tu?btoes cS 
cause economically significant losses In efficiency. In these cSS he a^esl^ 

estimates than an adhesion molecule, even with only 30 percent of Its notentS 
contacts touching a surface, can make at least lO.WOcontacts /Jhte eK 
^^51^''^'"? '° importance of adhesion to mlcn>oiga^rsti^^ 

Of course, adhesion isn't always a nuisance. Water quality In natural 
jystems is maintained by metabolism in blofllms on under^atersurSc^^^ 
blotechnolQ^ts are using adhesion to immobilize bacteria In ^ous^etif 
bloreactors. Though I had never given it a second thought. bacSSl^ei 
Is something people in many fields are considering '^acienai stickiness 



Exercising the Intestine 



Something I have thought about is how various parts of the bodv resnond 
touse and disuse, behavlngllkemuscleslnthls regard NervS cX^^ 
often fire more efficiently when there Is an Increase In stouT^S^sS; 

UilckenstofonncaUouseslnresponsetoabraslon.Butttn^^^ 
thatthelntestlnewouldchangeln response to fluctuattoSI^u^^^^ 
a phenomenon does Indeed exist (Diamond & Karasor 1983) ^ 

H,,Hr,?lf^®^™^:T^'*''**^^°^°^"««'«*s«"whenfoodln^^^ 

ta^^^Jf ^^"^..^^ r^"'^"*^'^ «t such time on fem^ rTts show 

^^^f absorptton of glucose, amino acids and minerals brouSt aboJJ 

T^T^iZT^^I^^ ^ restricted, mucosal growth falls to occur This notaS 

mcSrSfo^^rLf """^'"""^ mucosa. tiToMgh some ^dencr^Xa^es 
indlrecthonnonalornervousefTectsasweU. During periods of starvation n^^^^ 
^V^^ur ^'"^ atrophles^S^^tio^^^^^ 
^^^^^"^ T^^"^ ^ Illustration for studems of thT^dy's subtie 



A Mammary dand Hormone? 



Pr,H^ ^^°"6h few researchers have considered the mammary riand as an 

«nH u4 T^^' ^ to be a real possibility. aStaLSn^spSleT 

and It s nut a new Idea at all (Diamond 1982). In 1906. researches wSt^^^th 

l^t^'Ir^^^^i^'^P^^^^^^^^^^^ttogetT^^ 

^ble offspring. Recent studies on goats show similar proble^ tad^ 

t"^srtS;!f;^r°r^^ 

tPi^?r,!1?*i^ ^ P"^"''* estrogen, and researchers are now tiylmr to de- 
termlne if the reproductive problems are caused by decreased rcle^nf tS?« 
hormone or by some yet-to-be-dlscovered sub^ce ''"^"'^^ °^ 
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A Cardiac Hormone, Too? 



New honnones seem to be popping up all over. It is exciting to think that 
the body still has so many hidden surprises that even such well-traveled ground 
as endocrinology can regularly yield up manrels. There is now evidence that a 
peptide released from the heart's atria can influence the kidney's fluid excretion 
(Balfour 1 985) . An expansion in blood volume causes increased stretching of the 
atrial walls which then release a peptide called atrial natriurtrdc factor. This 
factor reduces renal vascular resistance which leads to the excretion of more 
urine. It also acts to Increase urine flow by reducing secretion of renin. Simply 
by producing this peptide, the heart helps to prevent overworking itself in the 
pumping of excessive blood volume. It Is an efiective regulatory mechanism 
whose existence has only recently been discovered (Update: Tests have become 
available on the clinical use of atrial natriuretic hormone in controlling blood 
pressure.) 



A Growth Modifier 

Another area where new substances are frequently discovered is embry- 
ology. Many growth factors have been identlfled. but growth-inhibiting sub- 
stances are also crucial to normal development. Mullerian-lnhlbltlng substance 
is an example. In a human embryo, the genital system can be detected at about 
the sixth week of development. At that time, the embiyo's sex cannot be 
determined by examination because the gonads are undifferentiated and two 
sets of ducts are present, the Mullerlan ducts which will develop into the 
fallopian tubes and the uterus in the female, and the Wolfilan ducts which 
become the vas deferens, epididymus and seminal vesicles in the male. 

As dlflferentlatlon continues, the ducts associated with the embryo's sex 
continue to develop, whfle those of the opposite sex regress. Thus, in the male, 
it is the Mullerlan ducts that disappear, and it is Mullerian-lnhlbltlng substance 
that induces this regression. Even though this recentiy discovered substance 
has only been partially purified, it may have aheady found a role in medicine 
(Richardson, Scully. Nlkrul & Nelson 1985) because it inhibits the growth of 
ovarian cancer cells both in culture and In mice. It seems to act only on repro- 
ductive tissue as it falls to inhibit colon-carcinoma cells. This is ihe first time an 
embryologic growth modifier has been found to have anticancer activity and 
opens up the possibility of a new type of cancer treatment. 



Nutrient Carriers 

If the field of physiology, with which I am familiar, constantfy presents 
me with ideas IVe nr^erbefore considered, imagine the number of unconsidered 
topics that pop up to amaze me in zoology and ecology, areas in which I claim 
no expertise! For example. IVe never thought about animals as nutrient carriers, 
but as Peter Moore (1983) points out, "It has loiig been recognized that the 
movement of grazing animals from one terrestrial ecosystem to another, feeding 
in one and defecating in the other, may result in a significant movement of 
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certain elements between them." Oniy recently have ecologists considered 
whether or not the same process occurs In aquatic ecosystems. When fish were 
removed from certain coral heads, coral growth was only 55 percent of that on 
heads where fish remained. This growth differential can be explained by the fact 
that where fish schools were present, water samples were significantly richer In 
ammonium Ions and In particulate matter containing phosphorus and nitrogen. 
Thus, the contribution offish nutrients to coral growth Is significant. While the 
topic of defecation is one that many would rather not consider, those who work 
In this area have provided a useful contribution to ecology. 



Slow Plants 

Other ecologists. studying plant communities, have called Into question 
the use of plant fossil records as climate Indicators (Lcwln 1985). A study of 
geological and paleoecological records from the same locale shows there is a lag 
time of about 2,000 years separating climatic and subsequent vegetatlonal 
change. This "vegetaUonal liiertla" is not a new idea, but it has taken on new 
significance sln<» being used to clarify the TossU record. Kenneth Cole, a 
researcher at thrt Indiana Dunes National Lakcshore, has developed a model 
which suggests that a combination of factors. Including competition and 
physical mlcroenvlronment, allows a plant commimlty to remain In a locale long 
after the conditions necessary for Its establishment have disappeared. A 
dominant species In a community can Influence the mlcroenvlronment. Includ- 
ing soU chemistry and the availability of sunlight and moisture. This would serve 
as a buffer against climatic changes. Thus during periods of rapid climate 
change, plant communities would be replaced more slowly than expected, 
making the plant fossil record a less reliable indicator of climate than had ' )een 
previously assumed. By revealing how tentative findings often are. such 
revaluations of assumptions are humbling to scientists because things never 
thought about, never considered, can cause a reappraisal of supposedly firm 
calculations. 



Running and Breathii ig 

In zoology. Bramble and Carrier (1983) have pubUshed a review of a 
phenomenon I'd never considered: Mechanical constraints require locomotion 
and breathing to be synchronized In miming quadrupedal mammals. It makes 
sense once you think about it. Synchronization Is necessary because both 
locomotion and respiration Involve cyclic movement of the same anatomical 
structures. parUcularly the ribs, stemimi and associated musculature. In other 
words, as Bramble and Carrier explain it. "Locomotion Imposes limits on 
respiratoiy function, and breathing must therefore be made to fit the locomotor 
cycle." Evidence for synchronlzaUon is abundant. Phase locking of limb and 
respiratory frequency has bten recorded in Jack rabbits, dogs and horses. In all 
these quadrupeds, the locomotor and respiratory cycles are normally synchro- 
nized at a constant ratio of 1: 1 (strides per breath), while In humans, several 
phase-locked patterns are observed Including 4: 1, 3: 1, 2: 1 and 1:1, with the 2: 1 
ratio favored. As to how such synchronization is controlled, both the peripheral 
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and central nexvous systems seem invohred. though the exact mechanisms have 
not been fully worked out. 



One Body 

When I Introduce human physiology to students, I remind them that even 
though we treat each system of the bo<fy individually, we are talking about one 
organism, a unity. Each system Isn't churning away on its own: there is constant 
interaction among, and coordination of, the parts. Yet this concept isnt easy to 
keep in mind when each system is covered in a separate chapter with mention 
being made of only the most obvious relationships, like the connection between 
the excretory and reproductive systems In the male. 



Confronting new ideas we had never considered previ- 
ously is what makes science exciting, challenging and 
humbling. There's always something new-at least new to 
us. 



Of course, part of the problem is that some of these connections are so 
subtle and our understanding of the bocfy still so Incomplete, that many 
interrelationships have yet to be discovered. Nobody has given them much 
thought. One such syst^ n, which even researchers in the field have regarded as 
autonomous, is the Immune system. But recent studies in several areas have 
revealed ntmierous connections between the imonune system and the nervous 
system, the reproductive system and the skin (Golub 1982). Hampering an 
elucidation of these interconnections Is our very partial understanding of the 
Immune system itself, but even the bare outline of what is known so far is 
fascinating. 

The skin obviously serves as a physical barrier to infectious agents, but it 
is an immunological barrier as well. For example, after migrating from the bone 
marrow, Langerhans cells become part of the epidermis and act there to Induce 
a helper T-cell response, one of the first steps In an immune reaction. These cells 
also share surface molecules with the immune organ, the thymus; while, on the 
other hand , the skin protein keratin is also found In thymic cells (Edelson & Fink 
1985). So Immune-epidermal interconnections abound. 

As far as reproductlve-immunological Interactions are concerned, estro- 
gens and androgens act to suppress cellular Immunity, with each suppressing 
different lymphocyte populations (Grossman 1985). But estrogens also stimu- 
late humoral immunity, which may explain why females produce more immu- 
noglobulin than do males. Progesterone, the hormone that remains at high 
levels during pregnancy, depresses cellular immunity, and thus helps to prevent 
a maternal-fetal rejection response. Finally, thymic hormones stimulate the 
hypothalamus toreleaselutelnlzlng-hormone-releaslnghormone(LHRH) which, 
in turn, stimulates the pituitary to release the gonadotrophins FSH and LH. 

The connect ins between the Immune and nervous systems are the most 
tantalizing of aii. It has long been known that stress, by influencing hypotha- 
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lamlc control of the pituitary's release of ACTH. could Increase secretion of cor- 
ticosteroid hormones which suppress Immunity. Now it appears that the im- 
mune system can also influence the nexvous system (Marx 1985). Immune 
responses change the fixing rate of brain neurons. Though the factor respon- 
sible hpsn't been identified, some data points to interferon, which some have 
already dubbed an "immunotransmitter," Even more amazing are studies 
showing that animals can "leam" to sufiier an alleiglc response, even in the 
absence of the offending alleigen (Lesser 1 984) . There's obviously much we have 
to leam about both these systems, and many questions we haven't even thought 
to ask. 

Confronting new ideas we had never considered previous^ is what makes 
science exciting, challenging and humbling. There's always something new-at 
least new to us. It's good for our students to realize how incomplete each of our 
views of the living world Is, how we are always hampered by individual Ignorance 
of what weVe yet to leam, and collective ignorance of what the biological 
community as a whole has yet to explore. Perhaps our students won't feel so 
overwhelmed by the complexities of biology If they realize that we are all in the 
same boat, all tiylng to make some headway toward knowledge and understand- 
ing. 
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December 1985 



Bitten by the Insect Bug 



I must admit that I do not like Insects. I avoid them as much as possible, 
not only by swatting at any fly I see, but also by pushing aside imread most 
writing on insects. There seem to be two reasons for my aversion. One Is early 
memories of my mother on •cricket patrol* on summer evenings. Insects were 
something to be crushed if they ventured inside the house. Spiders, worms and 
everything else classified as "creepy crawUes* received the same treatment-rapid 
extermination. It never dawned on me that some people thought of caterpillars 
as beautiful or spent hoitrs observing the behavior of beetles. 

Nor did my estimation of invertebrates in general improve when I became 
a biology major. Invertebrates were disgusting rather than Interesting oigan- 
isms since they were usually presented as pickled specimens floating, and often 
decomposing, in foul-smelling fluid. To make them even more distasteful, they 
were used merety as problems in classification. What organisms had radical 
versus bilateral symmetry? What differentiated arachnids from arthropods or 
roundworms from flatworms? 

But even as inveterate an invertebrate hater as myself carmot avoid six- 
legged creatures completety. Insects are everywhere, abundant both in quantity 
and variety. As John Alcock has written: "When you consider that there are 
several million species of Insects, each wonderfully distinctive, and fewer than 
10,000 species of birds, it Is strange that there arc millions of bird watchers but 
only thousands of insect enthusiasts.* It occurred to me recentty that among 
this relatively small band of enthusiasts are a lai^ge number of good writers, too 
good for even me to resist. Bemd Heinrich's In a Patch of Fireweed (1984) , Karl 
von Frlsch s Bees (1950) and Edward O. Wilson's The Insect Societies (1971) 
Immediately come to mind. But above them all stand two books which I found 
tremendously fascinating and which changed my perception of insects. They are 
a collection of the writings of J. Henri Fabre, edited by Edwin Way Teale (1949), 
and Howard Ensign Evans's Life on a Uttle-known Planet (1984). These books 
have not made me love Insects-Just yesterday, when a beetle crawled up my arm 
I crushed it rather than tiy to classify it or observe its behavior. But these books 
have given me an appreciation for such creatures, at least on an intellectual 
level. From now on, when I discuss Insects In class it will be less out of a sense 
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of duty and more with a sense of wonder. 

The writings of Fabrc and Evans are veiy different from each other. 
Though they both dedicated their lives to the study of insects, their viewpoints 
and writing styles were very dissimilar. Fabre was a 19th-centuiy French 
naturalist: Evans is a 20th-centuiy American entomologist. Fabre's writings 
describe primarily his own observations and experiments, while Evans draws on 
the work of a host of researchers, the insect enthusiasts that Alcock mentions 
in his introduction to Evans's book. Perhaps most importantly. Fabre's world 
was a relatively stable one, a peasant commimity in one of the more backward 
areas of France, while Elvans's world, our world, is a rapidly changing one. 

These men, however, have one thing in common: their love of the insect 
world. Fabre exults, "O my pretty insects!" (p.2): Evans quotes from Dragori/lte' 
(Corbet. Longneld& Moore 1960) "Animals (especially dragonflies!) arevaluabie 
because they are beautiful" (p. 81). This love of insects comes through in their 
careful and vivid depictions of insect activity. Fabre minutely describes the 
coverings worn by psyche moths in their larval form. These caterpillars are 
called bag-worms because they cover therrselves with a silken bag to which are 
attached tiny sticks. Fabre devotes pages to how this sack is woven, how the 
attached ornaments are chosen, depending upon what is available: 

What predominates is remnanta of vety small stalks, light, soft and rich in 
pith Next come bits of grass-leaves, scaly twigs provided by the cypress- 
tree and all sorts of little sUcka. coars- materials adopted for the lack of 
anything better. Lastly, if the favorite cylindrical pieces fiadl short, the mantle 
is sometimes finished off with an ample flounced tippet, that is to say. with 
fragments of diy leaves of any kind. (p. 260) 

Evans lavishes the same kind of detail on a description of female Florida 
cockroaches burying their eggs: 

When a suitable place had been selected, each roach made a series of 
backward strokes with her head, piling the sand beneath ai, behind her. 
After a hole about a third of an inch deep had been completed, she changed 
tacUcs completely, dribbling saliva into the hole and picking up the mois- 
tened sand grains with her mouth, eventually molding a trough-shaped 
cavity of proper size and shape to fit the egg capsule, (p. 59) 

Evans goes on to describe how these "giant" roaches then lay their eggs in these 
holes and carefully cover them with sand moistened by saliva. 

Fabre's descriptions are often anthropomorphic. He writes of male moths 
in search of mates: This feverish agitation marks them as lovers in search of 
their brides" (p. 263). He says that caterpillars "lack perspicacity- (p. 71). and 
that the song of the Cicada has a "throaty exuberance" (p. 141). Evans is more 
clTCum5«pect. more clinical in his descriptions, but even he cannot resist 
describing the bedbug as "limocent as a lily" (p. 178). limocent of spreading 
disease, that Is. And he sighs, "If only our aircraft were as agile and dependable 
asflles"(p. 144), since they perform better Inwindtuimels than do most airplane 
models. 

Both Fabre and Evans are fascinated by the large numbers constantly 
encountered In discussions of insects. Fabre describes the thousands of eggs 
laid by the praying mantis, and then vividly portrays the exteimlnaUon that 
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befalls most of them (p. 162). He speaks of the "riotous multitude" (p. 194) of 
parasites that prey on cabbage caterpillars. Evans uses more precise figures. 
There are 3.683.000 bacteria on the average ilyfrom a sltam district, while amere 
1.94 1.000 on one from a dean commimlty (p. 141). And if all her progeny were 
to survive, a housefly could produce 5.598.720.000.000 offspring in five months 
(p. 160). Fortunately, the fly mortahty rate is high enough to prevent what would 
be a population explosion not only among Hies, but among bacteria as well! 

As someone Involved in the care and feeding of two teenage boys. I 
particularly enjoyed the numbers mentioned in feeding experiments cited by 
both authors. Fabre describes an "eight days' feast" in which a wasp larva of the 
species Bembexjulii consumed 82 Items, mainly droneflles and houseflies (p. 
121), all provided by its very busy mother. Evans says that a dragonfly larva 
"consumed 3.037 mosquito larvae in the course of Its life of about one year, as 
well as 164 mosquito pupae and a few other things, including 17 larvae of 
dragonflles and damselflies!" (p. 80). 

Both Fabre and E^rans also remark on how much we do not know about 
insects. Fabre speaks of "the inexhaustible entomological mine" (p. 166) and 
stresses the importance of experimentation tn yielding treasure from that mine. 
"Observation sets the problem; e]q;>ertmentation solves It. always presuming 
that It can be solved; or at least; if powerless to yield the full light of truth. It sheds 
a certain gleam over the edges of the impenetrable cloud" (p. 327). 

Ihe very title that Elvans chose for his book indicates his estimation of our 
understanding of Insects: the world of insects is little-known. In studying 
locusts, for example, one can do littie more than "begin to glimpse the problems 
waiting to be studied" (p. 225). In speaking of fireflies, he addresses the problem 
of biology in general: 

Such Is the complexity ofUvlng systems that tens of thousands of research 
workers all over the world each year push our knowledge forward by only a 
minuscule, with now and then a breakthrough that opens up a new area of 
ignorance. A century finom now our great-grandchildren may marvel at how 
little we knew about fireflies, (p. 115) 

Despite this sea of Ignorance in which entomology, along with all the other 
branches of biology, is swimming, and perhaps floundering, these books hold 
a wealth of fascinating information. Fabre's essay on buiying-beetles Is a 
beautiful treatment of a topic most of us hardly give a thought: the important 
role of Insects in the disposal and recycling of dead organisms (p. 232). Beetles 
of the species Necwphorus vestigator work in groups to bury dead mice. rats, 
snakes and even moles. The buried carrison is used to nourish the beeties' 
grubs. Fabre's description of dung beetles at work is another example of how he 
can make an iinpleasant topic riveting (p. 93). 

FJvans does the same thing for a creature even most Insect-lovers desplse- 
the bedbug! He also writes of sprlngtalls. Insects that receive little publicity 
because most of them remain well below groimd and "live obscure and 
uneventful lives" (p. 32). But they are in the soil in tremendous abundance, for 
those with the patience to count them. George Salt, a University of Cambridge 
professor, calculated that there were 248.375,000 sprlngtalls In an acre of 
English pasture soil. Not to be outdont. an American entomologist, Kenneth 
Christiansen, calculated that an acre of Iowa farm soil contains 400 bUllon 
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sprlngtalls (p. 32). 

'It appears dlflficult for man to develop a rapport with Insects" (p. 82) . With 
this understatement. Evans begins an essay on crickets. He claims, though my 
mother would not agree, that crickets seem less alien than most Insects. Citing 
Jlmlny Cricket as proof, he feels humans have developed a rapport with crickets 
because of their rhythmic chirping. The cricket also drew Fabre's attention, so 
It Is Interesting to compare each writer's treatment of an Insect that both view 
very positively. Evans dwells primarily on the cricket's song. He describes how 
the male's front wings are specially designed with ridges and a scraper so that 
when a cricket raises Its wings and rubs the file of one wing over the scraper of 
the other, the wing membranes vibrate, creating a "song." For those particularly 
Interested In the mechanics of this performance. Evans even mentions that most 
crickets are "rlght-wlnged." that Is. they ahvays sing with the right wing overlying 
the left (p. 85). He goes on to discuss the function of the cricket's song In mating 
(only males sing) and how some cricket species can only be differentiated on the 
basis of their songs. 

Fabre. on the other hand, does not dwell solely on the cricket's vocal 
production. He describes its dwelling, a turmel In the ground, widened at the 
end. "devoid of luxury, with bare and yet not coarse walls" (p. 282). He gives 
careful attention to how the cricket lays its eggs and how those eggs develop. 
Here, as in all his essays. Fabre is a master storyteller. Even someone like myself 
who is not a member of the insect fan club cannot resist turning the pages to find 
out what happens next. In this case. "The cricket pops out like a Jack-in-the- 
box . . . The Cricket's egg opens like an Ivoiy case. The thrust of the inmate's head 
is enough to w k the hinge" (p. 283) . Fabre then tells of the countiess predators 
that beset these newborn crickets, and ends where Evans begins, with the ma- 
ture male's song "developing into a general symphony." as others of the species 
Join In. 

Both write extensively about wasps too. Wasps are Evans's specialty and 
he has devoted an entire volume-Wasp Fann -to them. In Ufe onaUttle known 
Planet he limits himself to one chapter on his life's work, parasitic wasps. While 
this may seem a rather esosteric topic. Evans makes a good case for its 
importance. First of all. it Is a large topic. Fifty thousand species of parasitic 
wasps have been described, but the world total is probably closer to half a 
million. It's also an economically Important subject because some species may 
be useful in controlling insect pests. Most of these wasps arc very fussy and 
parasitize only one species, so they could be used to Itailt the size of a pest 
population without being detrimental to other insects. For example, the cater- 
pillar of the brown-tail moth was a major pest of New England shade and fruit 
trees until several wasp species that parasitize it were introduced into this 
country from Europe (p. 247). 

Fabre also described many aspects of wasp behavior, including how the 
Sphex wasp paralyzes its prey by a very accurate sting driven into the thoracic 
ganglia (p. 45). But Fabre is not interested in the usefuhiess of insects to 
humans, he is driven solety by a yearning to know them. He lived in a world very 
different from Evans's world. He didn't view insects as pests, as enemies to be 
controlled, though he speculates that there wouldn't be a head of cabbage left 
in the world if the cabbage cpterplllar weren't beset by pests that keep it under 
control (p. 190). 

Nor does Fabre mention a topic that Evans raises in almost every essay- 
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tile problem of extlncUon. Fabre spent his life In rural communities In a relatively 
backward and unchanging part of France. It didn't occur to him. fired solely by 
a desire to learn about creatures he loved, that tiiesc creatures might someday 
cease to odst. Evans's passion for Insects Is fueled by tiie knowledge that what 
tont learned now may never be learned because tiie subject of study may soon 
^^S^Z face of the eartii. He mentions repeatedly that we are 

oSSn^ ° explorations of space, flhls book was 

origlnaUy published lnl968asflnalpreparatlons were belngmadeforamanned 
moon landing) Inniary areas of tiie world, habitats, and untold numbers of spe- 
cies atong wltii tiiem. are being destroyed at an alanning rate. The averace 
person s distaste for Insects compounds Uie problem; people are more likely to 
^1.1°*?^ extlncUon tiian species of bceties or iUes. 

thou^ tiie latter may be as Important to tiie structure of tiielr respective eco- 
logical communities the former. 

Entomology f covlousfy a topic too important to Ignore. But while most 
insects have remained unknown and unstudied, a few-lncluding ants, wasps 
and bees-have been tiie subject of extensive rescarehere. This may be because 
anthese groups include social insects tiiat in many ways mimic human social 
structures. Armies of ants, queen bees, workers-such terms indicate tiie 
rapport humans feel witii tiiesc insects. InBwnblebee Economics [1979], Bemd 
Helnrldi sees tiie bumblebee as having to sohre economic problems similar to 
tnosc humans handle, such as energy conservation and tiie cincient use of 
resources. Evans even beUevcs insects' huge reproductive potential perhaps 
can teach us scmettiing about our own population problems. Like humans 
insects are builders, builders who often make tiielr own materials, including 
paper and wax. In-^-cts are doers; tiielr constant activity, easy to observe 
becai;se of tiieir small size, mesmerizes tiiosc witii tiie patience to appreciate it 

f>,.^ 1"^"; ^"^J**^^ ^^"^ because tiieir small size makes 

tiiem easy to capture, maintain and observe. Evans cites agreat deal of research 
SftST^^r!? investigators working in smaU schools and colleges. 

S^Pi.^^ f^^'"* resources tiiere is much to be learned, as tiie often poverty- 
stricken Fabre proved a hundred years ago. In tiiesc days of tight budfieS 
tasects make atb^ctive laboratory materials, often available free for tiie coUect- 
tog. Th( ugh my own conversion hasn't extended tiiat far. I do own a basket 
designed as a cricket cage, so who knows what it may hold in theZure! 
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September 1986 



Beginning Again 



As another school year begins and I look back on 15 years of teaching, I 
ask myself If I'll ever get good at It. Teaching Is a htimbllng profession: As soon 
as you think you're improving, some student bursts your bubble. There's 
nothing more deflating than a well-timed yavm of boredom, or a question that 
reveals a total lack of comprehension of a concept that has Just been exhaus- 
tively discussed. 

I think I am a better teacher than I was 15 years ago: I couldn't be much 
worse. When I recall the amount of material I tried to cram down unwilling 
tliroats per hour of class, I shudder. I had yet to grasp the idea that many people 
do not find biology inherently interesting. While pursuing a bachelor's and then 
a master's degree in biology. I was surrounded by others with similar L^iterests. 
After six years in this atmosphere, I thought everyone loved to read about, talk 
about and study living things. It was a rude awakening to be thrust into class 
after class of nonsclence majors who saw biology not as a Joy. but as a trial to 
be endured. 

Having lived in this real world for the past 1 5 years, I have made my peace 
with it. In fact. I love it. I have developed a missionary zeal to convert my students 
to science. My aim Is not to make them into science majors (I am iiot naive 
enough to believe I can work miracles!) but rather into nonsclence majors with 
a positive view of science. 

This is a rather idealistic goal. At the end of most days of teaching, when 
my students' only signs of life appear two or three minutes before the end of class 
as preparation for the exodus begins, it seems totally unrealistic. But it is a goal 
thaL more and more of our national leaders, as well as educators, see as vitally 
important to our future fWalberg 1983). If the nonsclentists who make up the 
vast majority of the American public continue to perceive science as a complex 
mass of incomprehensible infonnatlon, they are unlikely to consider funding of 
scientific research as an important national priority. But I see it as more than 
Just a question of future resources. A public that thinks of science as distasteful 
is unlikely to encourage its children to develop Interests in science. In teaching 
nonsclence majors, I see myself as indeed preparing future scientists, but one 
generation removed. 
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The problem for me. and seemingly for eveiyone else In science teaching 
today, is how to get students more Interested in science. Several recent reports 
are veiy discouraging (National Commission on Excellence in Education 1983; 
•National Science Board Commission on Precollege Education in Mathematics 
Science and Technology 1983). Interest In and knowledge of science are at a de- 
presslngly low level. It seems too big a problem for any teacher to tackle, and yet 
as another school year begins and while we still have the enthusiastic feeling of 
a fresh start, perhaps It's time to ask ourselves what each of us can do to improve 
science education. * 

This Is not easy, especlalty for those of us who have been at It for awhile. 
How can anyone get excited and be creative In a general biology course they are 
teaching for the umpteenth time?The answer, of course, is not to teach the same 
old thing but rather to freshen It up ablt. Formaiy of us this means introducing 
new material, ^eeplng the subject matter up-to-date. But. as Robert Yager 
(1986) warned recently, this can present a problem. Many teachers feel that 
wha. they learn, the new knowledge they amass, must be passed on to their stu- 
dents in the form of ever more "essentials" to be covered. They fall to evaluate 
what knowledge is appropriate for their students. 

I pleadgulltytothlsvlce.thoughltiytocontrollt.I'malwayscomlngupon 
fascinating pieces of Information that I'm tempted to inflict on my students I 
became a biologist because I find the living world fascinating, and I teach biology 
because I have a strong desire to share my fascination with others. But Yager's 
warning is a reminder to check this urge to broadcast the latest tidbits of 
Information IVe unearthed. 

ni adroit that this Isn't easy to do. I'm always discovering things that are 
just too good to keep to myself. For example, recent studies seem to indicate a 
genetic relationship between testis size, dizygotic twinning and breast cancer 
(Diamond 1986). Testis size varies with etiinlc group; in groups In which testis 
size is small, there is less twlnnln': and less breast cancer. Or this Interesting 
item: though dill pickles have been produced since 2100 B.C.. scientists have 
only recently identifled the microorganisms, a bacterium and a yeast, that are 
responsible for this culinary delight (McNlsh 1986). And finally, paleontologists 
and ecologlsts. by examining the drill holes found In shells, can tell a treat deal 
about the gastropods that did the drilling. Many drilling gasUopods leave dis- 
tinctive holes such as ones that taper inwards (Benton 1986). All these findings 
are fascinating, but their signiflcancc will only be clear to students after a grelt 
deal of explanation. Just tossing these pieces of Information at students may 
make them sit up and take notice for a moment-the word nestis" is always a good 
attention getter-but in the long run this will do UtUe to increase Uielr under- 
standing of science. It will Just become more unrelated information that sinks 
into neural oblivion. One of the benefits I derive from tills column is that it serves 
as an outlet for such items: I can tell other teachers about them rather than 
deluging my students. Perhaps tiiat's how such infonnaUon should be used- to 
share wltii fellow teachers to refresh our own Joy in science, rather than" to 
smother our students. 

The idea of easing up on the information load to v/hlch we subject students 
seems to be gaining credence.lhomas Mertens made this poliit in an ABT 
editorial several years ago (1979), and James Wardereee (1985) reiterated it in 
relation to terminology. Sheila Tobias (1986) also stresses this in reporting on 
a recent teaching experiment at the University of Chicago. Nonsclence profes- 
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sore attended physics lectures and took 
notes on their experiences. Several felt 
overloaded and Inundated with Infor- 
mation because they lacked the back- 
ground to put it liito context. This Is a 
point that A.B. Arons (1983) develops 
in his article on scientific literacy. Arons 
writes In tenns of physics, but his re- 
marks apply to all science teaching. He 
says we stress facts rather than underetand- 
Ing. but to de^/elop understanding requires 
time, patience and a deep level of under- 
standing in our own minds. It is In this latter 
area that Mertens faults teachers. Perhaps 
we are not using our time wisely. Instead of 
accumulating more information, we should 
be forcing our minds to examine ideas more 
carefully, to delve more deeply into the basic 
concepts we teach. If we analyze the thought 
processes we go throu^ in this exploration, 
we may be able to lead our students In new 
paths of understandlng.Thls Is the thrust of 

John Moore's (1984a) work In the American Society of Zootoglsts* "Science as a 
Way of Knowing" project, which Is cosponsored by several oiganlzatlons includ- 
ing NABT. Each year the project selects one broad toplcfor analysis, such as evo- 
lutionary biology (Moore 1984b) and human ecology (Moore 1985). 




The test grew out of work by Mead and Metrawc (1 957) who 
showed that high school students had a very stereotyped 
image of the scientist: a male, often wUh facial hair and 
glasses, wearing a white coat, and surrounded by test 
tubes, flas)\^ and sometimes more sinister-looking equip- 
ment. 



I think we can also continue to Improve ou!- teaching by listening to each 
other. Though science education may be less th an what we'd like It to be. there 
are many teachers doing beautiful things In the classroom. In my own case. I 
have found that the simplest Ideas are the most useful and meaningful. Yeare 
ago. a friend told me that her students wrote one-page reports on science-related 
newspaper articles. This Is a simple Idea used by many teachers, but I had never 
considered It. Now. the more I use It, the more I realize Its value. By forcing 
students to read news items they would usually avoid. It not only makes them 
realize that many news stories are science-related, but also that such articles 
are readable, that science as encountered In eveiyday life can be understand- 
able. 

Such exercises, repeated several times during the semester and some- 
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SS^ o^rf i^^"**"^J*^^ **^^P students to fcelmore comfort- 

in h?«?i "^^"^ ^ ^ ^ ^'^^ °f "ain goals In teaS 

In the study menUoned above. Tobias reports that some prtrfeLor-studentsS- 
perlenced strong feelings of panic, frustration and helpleLne^ m th^ 
found th^ couldn't understand the subject matter^Hiese we^^ucc^^s^T 
mature adults, so our own students must experience similar emoSoM but 
probably more strongly and frequently. In discussing whatti^flo^s of Sen^I 
education should be. Anna Harrison (1982) reSS^sS l?ie So 
develop student confidence: confidence to acquSe compe?«fc^ ^lence l^S 
^enctfnd °.::Sfl^^^^^ to participate critically in societal SToSl^ 

^^^ion J^^^^'''' ^° ^^"""^ ^''''^ developments in the mcdla.^ 
frustration and helplessness many students experience in the face of our 

While exercises such as the newspaper reports may go lomt way towid 
increasing confidence. Tobias's findings are a remlndeV UiatTt to v^VcS 
to do more harm than good In the classroom and that how we pre^m S^rS 
is as important as what we present. present material 

One way to deal with students' negative feelings about science is to face 
n!?nf ^ ^ P^«»« aPP«>ach teOie Draw^^iLust-TeS 

(DASTl.developedby David Chambers(1983).Studentsare^^^^ 

M^i^Z nisT^tll shT H^^if*';'^^ ^ of woricTMead a^d 
ir^lZfl ] ?° Students had a veiy ster^otvocd 

image of the scientist: a male, often with facial hair and glasses wea^ta^a S^te 

fi! r7,f ^"^"^y ^ ^^"'^ firade). but I give it to my students at 

the start of Uie semester to make them aware of their often uncoSus 
perceptions of scientists. I hope that the discussion that foUows U^S^aWc 

be^'i^bo^'^ inbiology itlsjust as llkel/that a S^^Jcter ^ 

a tS^ ?r^?2^ ? !r^^? ^ ^^^^ b*^" known to cany 

tirntLmXl^ThiS ' '"^^ ^^'^ ^ P-^ not ^ 

thesetfre»r^^^^^^ 

teach^. loved their subject Ut^^^^d ^tn't'^^^^^^ 

"^fi/^S ^ ^''y "^P^^ a powerful one that wf^mettoS 

Ignore. Rubin Battlno (1960) recommends that "Vou should put ei^Uoi^^o 
your lectures, and that your physical feelings for and aboXature w 
transmitted by demonstrating your emotloiS Invol^m How c^s^^^^^ 
pos^ilbfy get excited about something that you find duu7r bortS^^^^r 

f to when teachi^f h.^^^^ ^^"^ ^°"^' °^ <^lasses 

a aay. wnen teaching the same course for the 20th time and whpn tr^r.^ 

desperately to cover the syUabus. It's at times like th^eSiat vJfnTed a 

fusion of enthusiasm in the form of a gab-sessloJ^JSTa feS^ tea^^^^^^^ oX 

flw rt'T ting new fndlngs like the ones I mentloneTbefo^or oiS 

(^tsll 19^1 theinO. mcludlng the dlscoveiy of the genes for color vSlon 

1986). and development of bird chimeras that may provide clues to the S^of 
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degenerative changes In multiple sclerosis (Barnes 1986). We have to be careful 
to keep our own sense of wonder In robust condition; It Is probably the most 
enduring thing we can Impai t to our students. 

While I have tried to model my teaching after that of other successful 
teachers, I must admit that I have stopped doing many things that good teachers 
are supposed to do. For example. IVe stopped assigning research papers. I got 
sick of receiving retreads of last year's papers, bits and pieces of sundry 
encyclopedias and endless descriptions of the clrculatoiy system. My students 
still must hand in written reports, but these are structured so that students are 
forced to think rather than copy. If they read their notes and stu(fy the textbook 
(admittedly a big "iT!), it seems to me that they have acquired sufficient 
information; in-depth research, at least in the way it is usually done, seems 
unnecessary. Instead, I think they should be made to do something with what 
they have learned, to make it their own, to relate it to their lives. 

After IVe covered the nutrition section in the health course, I ask them to 
write an essay on how their eating habits have changed in the past five years and 
what changes they can anticipate in the next ftve . I usually do this In an evening 
class where there are some older students, and I get interesting results. Dietary 
changes are often linked to health problems like hypertension, or changes in life- 
style like marriage or leaving home, or new health information such as the in- 
creasing evidence of a link between atherosclerosis and blood cholesterol levels. 
In the future, many, not surprisingly, anticipate eating lower calorie foods in 
order to lose weight. Even with younger students, this can be a worthwhile as- 
signment. The densest adolescents must be aware that the sheer volume of their 
food consumption has gone up appreciably, or if they aren't, their parents wUl 
make them aware of the fact. At any rate, students are forced to think about what 
they eat. and such Introspection may be the first step toward improved eating 
habits. 

In another assignment, I ask students to discuss the disease they fear 
most and why they feel that way. Most choose either heart disease or cancer, but 
a variety of other diseases appear in the essays, including diabetes, arthritis, 
and recently, AIDS. In discussion after the assignments are handed In, students 
defend their choices and usually discover that their attitudes arc colored by their 
personal experiences, and that one disease is not more inherently awful than the 
others. All have their frightening aspects, and such an assignment sometimes 
helps students to understand and deal with that fear. 

In still another assignment, this one for a course that covers drugs. I ask 
students to pick a drug and describe why they would want to be that particular 
substance. The results are fascinating. Some are literary masterpieces that 
would make any English teacher proud. Including an interview with crack and 
a poem on alcohol. At the moment, about half choose cocaine, but there are a 
few himianltarlans who choose penicillin and several, of course, opt for alcohol. 
This asslgrmient gives students a chatKe to examine their feelings about drugs 
and gives me an opporturUty to keep abreast of their changing attitudes. As 
usual, I end up learning from my students. Perhaps that's the best way to 
improve teaching: by learning from students and by being sensitive to their frus- 
trations and enthusiasms and queries. Perhaps with another 15 years of 
students as my teachers, I will finally get good at It. 
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Who Could Have Guessed It? 



Although I greatty enjoy reading about science, my reading rarely follows 
my oiiganlzed plan. This approach may not be the most effective or efficient way 
to improve my mind, but at times It yields some nice surprises. Recently I read 
anedltorialby Gerard Plel (1986) in which he quoted JamesB. Conant as saying. 
"Being well Informed about science Is not the same thing as understanding 
science." This quote from On Understanding Science (1947) struck me as 
pinpointing a basic problem In science education today: We are much more suc- 
cessful In presenting students with facts about science than In giving them what 
Conant calls a " 'feel' for the Tactics and Strategy of Science." 

This quote led me to reread On Understanding Science, which I found much 
more interesting than when I first read it. Perhaps I am now more convinced of 
the need to lead our students to tmderstanding, instead of Just to information 
about science. Conant's argument was that, for the average person, the best 
approach to science is through the histoiy of science, through studying case 
histories of scientific discoveries. This can be a less anxiety- producing approach 
Since many people are more comfortable with history than with science. Also, 
little factual knowledge is needed to understand the early days of a science. Most 
importantly, as Conant said, "in the early days one sees in clearest light the 
necessary fumbllngs of even Intellectual giants when they are also pioneers." In 
other words, a historical approach can give students insights into the tactics 
used and the problems encountered by scientists in their work. It brings 
students much closer to the "feel" for science that Conant saw as crucial to what 
we now call scientific literacy. 

Shortly after rereading Conant's book. I happened to pick up The Trans- 
forming Principle by Maclyn McCarty ( 1985). McCarty worked with Oswald Avery 
and Colin MacLeod in identifying DMA as the genetic material within cells or 
what they called the "transforming principle." McCarty's description of the 
discovery that genes are made of DNA provides an almost perfect case history 
with which to give students an understanding of science. The examples that 
Cona*^* used involved 17th- through 19th-century chemistry and physics. But 
biology is a younger science and many of its central concepts, including the 
chemical basis of geneUcs. are of 20th-century origin. 
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Mccarty's book begins with autobiographical material explaining the path 
that led him to join Aveiy's lab in 1941 . He then describes what Avery called "the 
sugar-coated rmcrobe,"S&Teptococcus pneumoniae, a bacterlimi that in its 
virulent form is covered with a thick capsule of polysaccharide. He notes that 
research on this organism was aimed primarily at finding ways to control it, 
because it caused most cases of pneimionla. the leading cause of death at the 
turn of the century. McCarty makes the pomt that work in medicine , an applied 
science, can at times lead to new findings in basic science, in this case to the 
chemical basis of genetics. This is a good example for students of the interplay 
between pure and applied science, which, though different from each other, are 
intimately related. 

Early work had shown that there were several different kinds of pneumo- 
cocci. These types were dilferentlated on the basis of reaction wicii antlsera 
which were specific for the capsular material that coated the bacteria. McCarty 
reviews the research that led to this simple typing system. The amount of work 
required reminds us that the simple concepts of today were not always obvious. 
The process of research is never easy because the necessary facts, and often the 
crucial ideas, have not yet emerged. All research by its i. ature Involves a search, 
a groping that always takes place in the dark. 

Aveiy and his colleague. Alphonse Dochez. discovered that these antlsera 
also reacted specifically with the fluids m which the pneumococci had been 
grown: in other words, the capsular material was dissolved in the fluid. Conant 
noted that one experiment often leads to the next, and with developing 
experimentation comes an evolution of concepts. In the course of his work Aveiy 
became convinced that the capsular material, which he called soluble specific 
substance (SSS), could be characterized chemically, and so he attempted its 
purification and identification. 

Another theme that Conant stressed comes into play here: the constant 
presence of difficulties that stymie research. Techniques for purification of 
biological material were relatively crude in the 1920s when this work was done, 
and "fumbllngs" were Inevitable. Not only did the work require several years to 
complete , but Aveiy needed help to do it; he did not have the necessary chemical 
expertise. Here again, one of Conanfs points is Involved, namely that science is 
an oiTganlzed social activity. Avery was a member of one of the elite scientific or- 
ganizations in the United States, the Rockefeller Institute (now Rockefeller 
University). He enlisted the aid of a chemist at RockefeDer, Michael Heidelberger, 
who purified the SSS from type II pneumococcus and identified it as a 
polysaccharide containing glucose as well as several other sugars that could not 
be identified because of dimculUes In analysis. So Avery and Heidelberger then 
studied the polysaccharide from type III organisms. This turned out to be a 
simpler substance having Just two components, glucose and glucuronic acid, 
which alternate along the linear molecule. This work led to a further conceptual 
evolution because it showed for the first time that polysaccharides can express 
biological specificity and act as antigens. 

The social nature of science again came into play when this work was 
pubUshed. For a discovery to be significant it must be accepted by other 
scientists. But, as McCarty writes, "scientists tend to be conservative," and as 
Conant noted, "a useful concept may be a barrier to the acceptance of a better 
one if long-intrenched in the minds of scientists." The major objection to Aveiy's 
work was that only proteins had enough diversity for the kind of specificity and 
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antigenicity displayed by the capsular material. Conant argued that such 
controversy Is a useful spur to furUicr research, as was the case here. Avery set 
out to prove conclusive^ the polysaccharide nature of the SSS. 

It was part of Aveiy's genius to find researchers who could aid him 
eflfectively in reaching his goals. In this case. Rene'Dubos. who had already done 
work on purifying polysaccharide-dlssohring enzymes from bacteria, discovered 
an enzyme that split the type in SSS. It could also destroy the capsules of living 
type ni pneumococci. TTils enzyme not only verified the polysaccharide nature 
of the SSS and thus of the capsule, it also served as a useful tool in the study 
of pneumococcal infection and. ultimately, in the purification of the transform- 
ing principle. This clearly illustrates another of Conanfs major premises, that 
new techniques-new research tools-influence the development of experimenta- 
tion and, la turn, the evolution of scientific concepts. 



. . . aproblem in all research is thejruitless dead end where 
researchers ojtenflnd themselves. 



Aveiy's early work in purifying the SSS of S. pneumoniae not only 
exemplifies Conaiifs tactics and strategy of science, but also contains several 
elements that are found again in work on the transforming principle (TP) . In both 
cases, as McCarty notes. Aveiy displayed "two of the characteristics that were 
responsible for his extraordinary success as pn Investigator: an uncanny ability 
to ask the right questions and dogged persistence in finding the answers." In the 
1920s, Fred Grifllth, a British medical officer, observed that a single sputum 
sample could contain as many as four or five different types of pneumococci. He 
did not think that one individual could have acquired so many different strains, 
but instead favored the idea that the pneumococci underwent changes in type 
while in the body. He followed up this observation: something, Conant noted, 
that does not always occur in science. Not cveiy path is tried in research, and 
it Is the superior researcher who can sense which observations are worth a 
second look. 

Griffith used a strain of pneumococcus that had lost the ability to form 
capsular material and with it, the ability to cause infection. It was called the R 
or rough form because its colonies had a rough appearance compared to the 
normal form, designated S for smooth since accumulation of capsular material 
<?ave its colonies a smooth appearance. In one of his experiments. Grifllth 
-tedmice with a culture of live type I R pneumococci along with a preparation 
ot type n S organisms that had been heat-killed. Some mice died of a type II 
pneumococcal infection. As a control, he injected animals with Just the heat- 
killed type n organism: no mice became ill, showing that the oiganisms were in 
fact dead and couldn't be responsible for the infections. It appeared instead that 
something in the type II material was transforming the R organisms Into the 
virulent S form. Conant would have called Griffith's use of controls crucial both 
in keeping Grifllth from following false leads and in convincing others of the 
results. 

Published in 1928, Griffith's work was so thorough that although Avery's 
group wasn't "entirely convinced," they were "greatly interested." McCaity says. 
The social aspect again comes into play; other researchers tiy to reproduce 
experimental results and then buUd on them. As Conant said, experimentation 
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"evolves." Avery, who at the time was working on the characterlzaUon of SSS. 
gave Martin Dawson the Job of rcpUcatlng GrUIith's results. With this done. 
Dawson went on to simplify the transformation experiment by developing an in 
vitro system. The abUlty to produce transformaUon In a test tube as well as In 
mice was an important technical advance since it made experimentation easier, 
quicker and cheaper. Many people don't realize the importance of such factors 
in research. With limited time and funds. sclenUsts are lUcely to neglect areas 
of study that present too many difficulties. 

The stage was now set for Avery to ask one of his simple, yet more Important 
questions: What is the chemical nature of TP? But the answer did not come 
easily. Even with in vitro transformation, the results were unreUable. This 
problem was to plague Avery and his coworkers all through the quest for TP. a 
quest that is, in fact, a case history of the problems of purifying biological 
material and of the "fumbllngs" of scientists. In most of their work they used an 
extract of type III pneumococcus as the source of the TP. because from their 
earlier identillcaUon of SSS they had Dubos's enzyme to destroy the type III SSS 
and thus aid purification. The R strain to be transformed was a type II 
pneumococcus that MacLeod had found while testing R variants early in his 
work with Avery. Designate i R36, it was selected because it showed little 
tendency to revert spontaneously to the S form, and yet could be transformed 
easily when exposed to S extracts. The discovery of R36 is an example of the 
small but significant changes in their materials and techniques that finally 
brought success. 

McCarty describes the work as "dogged." There were no big break- 
throughs, and he notes. "Nothing in my memory or in the laboratory notes 
suggests that there was a moment of sudden revelation, a single experiment that 
resulted in a flash of insight." In 1943. at the end of their quest. Avery wrote a 
letter to his brother Roy in which he recounted the problems involved: 

The crude exU-act fiype III) is fuU of capsular polysaccharide. C (somatic) 
carbohydrate, nucleoprotelns. free nucleic acids. . . lipids and other ceU 
consUtuents. Try to Isolate and chemically identify the particular substance 
that will by itaelf when brought into contact with the R cell derived from TVpe 
II cause it to elaborate Type III capsular polysaccharide, and to acquire all the 
aristocraUc dlsUncUons of the same specific type of ceUs as that from which 
the extract was preparedl Some Job-full of heartaches and heartbreaks. But 
at last perhaps we have it. 

As Conant noted, a problem in all research is the fruitless dead end where 
researchers often And themselves. MacLeod worked on TP for three years, from 
1934 to 1937. without making much progress. One of his dead ends involved a 
long efTort to Identify the factor from serum that was needed in the transforma- 
tion reaction. He was unsuccessful, and it wasn't until much later that Roland 
Hotchklss identifled it simply as serum albumin which neutralized substances 
toxic to pneumococcl. 

MacLeod's efforts were so unsuccessful that he and Avery put aside their 
work on TP for thr-e^ years, from 1937 to 1940. This Illustrates several things 
about the social aspert of science. First. MacLeod was concerned because 
despite all his work he had little in the way of pubUshable results, and therefore 
his future success as a rcsearcher was in Jeopardy. Another factor was the 
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appearance of the sulfonamide drugs and their potential In treating pneumonia. 
Aveiy*s lab was. after all. attached to the hospital of the Rockefeller Institute and 
always had as its ^^.oal the development of ways to control this disease. MacLeod 
therefore tumed to research on sulfonamides. Avery, who was over 60. no longer 
Initiated experiments, so the TP work faltered. No other group took up this work. 
Indicating both the slower pace of research at the time and the fact that the sig- 
nificance of TP was not readily apparent to other researchers. 

Avery and MacLeod restarted their TP work In 1940 and slowly perfected 
the purification process. Conant would stress the Importance both of better 
techniques and of what he called "practical arts'* In brining about their success. 
One example of the latter was a Sharpies cream separator, adapted to separating 
pneumococci from large volumes of medium. This machine made it practical to 
grow the bacteria In large batches and thus obtain sufilclent quantities for 
extensive work. 

After the SIII organisms were collected, they were killed and disrupted. 
Protein was then removed by chloroform extraction. They used ribonuclease to 
remove RNA and Dubos^s Sin enzyme to remove the polysaccharide. The 
remaining material, whici: still contained all the transforming activity, was first 
tested for the presence of DNA in January 1941, and the results were positive. 
McCarty says, HHtils first Indication that the pneumococcus contained DNA 
came as something of a surprise. Knowledge of the occurrence and distribution 
of the nucleic acids In nature had not yet reached the point where one could 
assume that all living cells contained both RNA and DNA** Insights such as this 
are, I think, what make McCarty's book so valuable as a case history. They help 
us to see why Research is so difficult. Less than 50 years later, it's hard to believe 
that Avery's group was working that much in the dark, and it makes their 
achievement even more noteworthy. 

McCarty himself arrived on the scene In 194 1 , as MacLeod was leaving to 
take a position at New York University. One of McCarty's first tasks was to make 
the transforming system more reliable. Throughout the book, he repeatedly 
mentions the "vagaries" of the system, the lack of "tidy" results. One problem 
was that the TP extract was cmde and needed further puilficatlon. McCarty 
accomplished this and also developed a more sensitive test of transformation. 
This helped to make results more clear-cut and Is a nice example of the concept 
of sensitivity in testing, a major problem In many fields of research. 

By the fall of i 943. 1 5 years after the publication of Grifllth's paper, Avery 
was ready to publish his results (Avery. MacLeod & McCarty 1944). By that time, 
the TP extract had been tested for purity by both ultracentrlfugatlon and electro- 
phoresis. Many controls had been run in which the TP had been treated with 
DNA-destroylng enzyme (DNasc). and all activity was lost. As in his work with 
SSS, Avery found this evidence particularly convincing, and even after their 
initial paper was published in Februaiy 1944, he and McCarty continued 
studies with this enzyme to strengthen their results. 

McCarty carefully analyzes why their results did not seem to have an 
Immediate impact on most researchers. His discussion Illustrates several points 
about science as a social activity. First of all, they published in the Journal of 
Elxpertmental Medicine, which was unlikely to be read by most bacteriologists 
and geneticists. Also, at the time there was little communication between these 
two groups; geneticists weren't interested in bacteria, which seemed to lack ar^r 
type of sexual reproduction. Another factor points to science as an international 
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r^Hnn?''" "^^P^P^' during World WoT H whcii sciciitinc communl- 

disrupted. Fewer researchers than usual read it. especi^ 

Both Gunther Stent ( 1 972) and H. V. wyatt ( 1 972) see -prematuritv- as the 
mam reason for the slow acceptance of Avery's work. If ar^itW 
premature result is one that can't be extended experii^entX th^^^^^^ 

mg to Mccarty. Erwto ChargafT ( 1 978) has credited Avery's paper with spurring 

his workonnudeotlde content in different oi«anlsms.and4£lndl^^^ 

^IZ^Mc^^^T^^^ crick's work^on the structure of^SfA'tS^arrl 
1968). Mccarty also cites other research that flowed directly from Avenr's work 

andmakesagood case against cilUcswhoclalmedthatAvety^^^ 
bo^herMcrn'^'^'^'^^^^ 

brother Mccarty quotes passages Indicating that TP "teay be a gene" and that 
the problem -bristles with ImpllcaUons.- y oca gene ana mat 

Aveiy's work also brisUes with examples of the tactics and strategy of 
science that were originally outlined by Conant 40 years agT A^ Mc^ 
recounts the work It makes an almost perfect case history. Forthos^who 

01 Mayr (1982). Olby (1974). Dubos (1976 and Judson (1979) ar« all valuable 
One aspect of science that McCarty doesn't stress Is the Import^e of Slon 
^d suC^'t w"^'^ ^P"'*"^ ^ the Idea S the 

c'^uldZ^u^i^d'^^^^^^ provide. AS Avery wrote of his discovery, 
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The Other Side of the Coin 



The human body's ability to function well under an amazing variety of 
conditions Is a result of its extreme intricacy* One reason for this complexity is 
that most functions of the body involve two opposing activities; there is what 
ErwinChaigafif (1978) calls a ^^dialectical character*" to life processes. Every bone 
contains cells that make bone tissue and others that dissolve it; the blood has 
both clotting and anticlotting factors; the nervous system releases both pain- 
producing and paln-kllllng substances. The balance arising from these oppos- 
ing processes includes homeostasis, the balance of the body's internal environ- 
ment. This yin and yang of the body is a beautiful idea, but one that students 
don't always appreciate. When my stepson Geoff took high school biology, he 
mentioned that they had covered homeostasis in class* His teacher became 
excited about it, but Geoff felt the topic didn't warrant such enthusiasm. Now 
Geoff is a stralght-A student and interested in a career in science (It's okay for 
a stepmother to brag!), so I can assume that he grasped the concept of homeo- 
stasis as well as most students would. After considering his comment for some 
time. I'm beginning to think that the problem does not lie wholly with the 
students or even with the teachers. The problem seems to be that. Inmai^ cases, 
research on these opposing activities itself has been unbalanced with one 
activity, one side of the coin, receiving most of the attention. 

For example, medical researchers have a much clearer picture of the 
processes involved in inflammation than those associated with anti-inflamma- 
tory effects. This picture is now changing with the dlscoveiy of substances such 
as the lipocortlns, which block the enscyme that mediates the generation of such 
inflammatlon-pioduclng substances as the prostaglandins and leukotrienes 
(Flower 1986). There is also much more emphasis placed on proteolytic enzymes 
than on their inhibitors such as a-antitrypsln.Yet lack of this enzyme recently 
has been found to lead to emphysema because it inhibits tissue-destrojring 
elastase in the lungs (Carrell 1984). 

In a recent article on cancer. Jean Marx (1986) notes that: 

Investigators who have been tiylng for the past several years to decipher the 
mysteries of cancer have concentrated mostly on the forces-such as growth 
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factors and oncogenes-that might actively stimulate the uncontioUed growth 
ofcancer cells. IJU^ely neglected until recenUywere the inhlbltoiy forces that 
might check cell division and the development of malignancies. 

This Imbalance has begun to be righted with researchers focusing more 
attention on growth Inhibitors. (One such substance has the misleading name 
transforming growth factor-type p (TGF P).) it docs stimulate the grovvUi of fi- 
broblasts, but It inhibits the growth of most other cell types. There is evidence 
that loss of responsiveness to the growth-inhibiting effect of TGF may lead to the 
uncontrolled dh^lon ofcancer cells. Other researchers have identified chromo- 
somal regions that appear to code for tumor suppressor genes (Hunter 1986) 
LOSS of these regions leads to cancers such as retinoblastoma and WUm's tumor 
to which some Individuals have heredltaiy pre-dlsposltlons. (Update- There d 
now a great deal qfjurther evidence to support the importance of growth 
siqypressor genes [Science, 246. 1406].) j n 

^ example of skewed percepUon of bodily processes Invohres blood 

clotthig. For years the Intricacies of the clotting process have been studied In 
depth, with less attention being paid to how the body dissolves clots or prevents 
unwanted clots from fonnlng. In the last 30 years, this situation has changed 
^^ r^.!?: I? physicians have tried to find ways to deal with dangerous 
clote Within blood vessels. Wessler and Gitel (1984) note that to maintain open 
blood vessels a delicate balance must exist between seven complex interrelated 
nlTi^i f,?"'!?'^^^ platelets, coagulation, fibrinolytic system, their 

plasma inhibitors, the deformation and flow characteristics of blood, and 
vascular tone. It Is the clot inhibitors and the fibrinolytic or clot-dissohring 
systems that are receiving Increased attention recenUy. 
ito a.»^o!f ^ • the activated form of protein C. is a potent anticoagulant, and 
its activation Ulustrates the complex nature of blood maintenance. The clotting 
rni°n i L'Sf^^!' catalyzes the change of protein C to the Ca form (Clouse & 
Comp 1986). This reaction, which is t >vlously designed to prevent the clotting 
L'^oh'^H ^'""^ ""t °^ Paiacularly efficient when thrombin if 

1. its receptor, thrombomojulln. which is found on cells of the capillary 
endothelium. Thrombomodulin controls thrombosis or clotting both by bmding 
thrornbtn to reduce its coagulant activity and by geneiatlng^proteln Ca asa 

circulatingan icoagulantwhichthenlnactlvates several clotttagfactors. Protein 
Canot orily acts to slow further clotting, it also aids In the breaMown of already- 

!n t, "^"^^ an inhibitor of Ussue-type pla.smlnogen activator 
UVA). TPA. in turn, converts plasminogen to plasmln. the protein responsible 
for the lysis offibrin in clots. If all this seems very complicated, it is. and^lughi 
the h^J IT"' ^""^ important an activity is for 

Mnf t wT' "^^^ ^ ^ *^^t activity is controUed. Blood 

fn ^^^ lf '^^ complexity of control enables the body 

to deal effecUvely with a wide variety of situations. 

This complexity also gives researchers a variety of points at which to trv 
^ ^ f process when clotting is the result of some patholo^ 

^rl^?!^' ^^^^^^ Ovev the past few years. Intravenous Injections of either 
n^H^^ ^fif, or urokinase, both plasminogen activators, have been given to 

C'^^f °^ ^^'^ ^"^^^^ attacks. These enzymes 

dissolve heart attack-causing thrombi or cloU. Unfortunately, they not only 
break down the fibrin within the clots, but also degrade circulating fibrinogen 
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and clotting factors V and VII. This can lead to dangerous bleeding complica- 
tions. Increased knowledge of the clot-dlssolvlng process had led researchers to 
substitute TPA for the other two enzymes (Sherry 1 985) . TPA only changes plas- 
minogen Into plasmln after binding to fibrin clots. Thus, plasmln's lysis of fibrin 
occurs only at the site of the clot, and there Is less effect on circulating clotting 
factors than with the other enzymes (Relman 1985). Of course. TPA does cause 
some bleeding complications, so researchers are delving deeper into the Intri- 
cacies of blood clotting in a search for safer and more effective substances, in- 
cluding a prouroklnase that would be activated only when In contact with a 
fibrin clot (Laffel & Braunwald 1984). (Update: Recent research has added to 
evidence of both the eSflcacy of and problems with TPA ana streptokinase /The 
New England Journal oj Medicine, 320, 861}.) 



Perhaps part of the respo. isibilityfor the public's skewed 
perceptions about vitamins stems from the fact that teach- 
ers, physicians and researchers all have failed to empha- 
size the concept of balance in bodily processes. 



Though it seems to make sense that dissolving a thrombus will, by 
restoring blood flow to the heart muscle, reduce the extent of damage, research- 
ers are finding that in some cases the opposite may In fact be true. The culprit 
seems to be oxygen. While we usually think of oxygen as a giver of life, there is 
another side to the o^gen coin, a destructive side, in the form of highly reactive 
oxygen-derived free radicals such as the super-oxide radical 0^ - (McCord 
1 985). When a thrombus cuts off the blood flow to tissues, there Is no longer 
oxygen present for ATP producUon. As the available ATP is used, there is an 
Increase In the concentration of AMP, which Is metabolized to hjTaoxanthine. 
Wh^n blood flow to the tissue is restored, the newly present oxygen and 
hypoxanthine serve as substrates for a reaction which produces dangerous 
superoxide radicals. So it appears that merely restoring blood flow to heart 
muscle may not be enough to prevent extensive tissue damage. 

Thus, as commonly occurs In medical research, manipulation of one 
bodily process has revealed another previously hidden activity. At such times, 
the complexities of the body can be very daunUng. but investigation of these 
intricacies can often lead to new therapies. In this case, the body's homeostatic 
mechanisms again come tb the rescue In a sense, the body has always been 
dealing with the problems we are now tiylng to solve. For the problem of free 
radicals, most of the body's cells are equipped with glutathione, a trlpeptide thiol 
which neutralizes many free radicals (Melster 1983). Cells also contain the 
enzymes superoxide dlsmutase and catalase. Superoxide dismutase converts 
the superoxide radical into hydrogen peroxide which catalase then decomposes 
to water. Studies with rabbits show that the presence of these enzymes in the 
perfusion fluid greatly enhance left ventricle recovery from a period of oxygen 
deprivation. This work may lead to ways to prevent cardiac muscle damage after 
a coronary thrombus has been dissolved. 

High concentraUons of oxygen-free radicals and other forms of active 
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oxygen. Including hydrogen peroxide, can create Intracellular prooxldant states 
that play a role In canclnogesls by promoting the growth of abnormal cells. 
Active oxygen can Induce chromosomal aberrations and thus also is Invohred in 
neoplastic progression. Many carcinogens and tumor promoters create Intracel- 
lular, prooxldant states, and as Peter Cerutti (1985) notes, these states "may 
modulate the expression of a family of prooxldant genes, which are related to cell 
growth and differentiation." Many antioxidants, which work to suppress such 
states, are antlpromoters and antlcarcinogens. ^carotene, a precursor of 
vitamin A, is one such radical-trapping antioxidant that works best at the low 
oxygen partial pressures found in most tissues (Burton & Ingold 1984). 

Though oxygen-free radicals obviously can cause a great deal of trouble in 
the bocfy, they can also be used as weapons against disease. Again, as 
researchers learn more about how the body Itself maintains its homeostatlc 
balance, they can find ways to make distortions of that balance work for, as well 
as against, the body. For example, there is evidence that oxygen radicals can kill 
malaria parasites (Cox 1983). As malaria-infected red blood cells squeeze 
between the fixed macrophages of the spleen and liver, oxidative bursts are 
released by the macrophage. These bursts subj ect the blood cells to toxic oxygen 
products. Similar bursts are the primaiy mechanisms for the destruction of ph- 
agocytosed microorganisms, and now it appears the macrophages can export 
such radicals too (Lachmann 1986). This evidence could lead to the development 
of new antl-malarlal drugs that act by releasing oxygen radicals. (Update: The 
importance of oxygen radicals both in disease processes and in Immune response 
is becoming more and more evident throij^h research /The New York Times, Aprd 
26, 1988, p. CI].) 

Another example of a beautiful^ balanced physiological activity that can 
go awry and cause debilitating disease involves the bone. Normally bone 
f^raiatlon and resorption occur continually and are balanced processes. At the 
beginning of each remodeling cycle, which takes place in discrete areas called 
bone remodeling units, the cells that dissohre bone, the osteoclasts, start the 
process. In cortical bone, they construct a tunnel and in trabecular bone, a gap 
on the surface. This takes about two weeks. Over a period of three or four 
months, the bone-forming cells, the osteoblasts, fill in the resulting cavities to 
create a new structural unit of bone (Rlggs & Melton 1986) . The rate of activation 
of such remodeling tmits determines the rate of bone turnover. In young pf ople 
the processes of resorption and formation are tightly coupled, so bone mass is 
maintained. Researchers have identified a protein called skeletal growth factor 
which may be at least partially responsible for this balance, since it appears to 
be released by the action of osteoclasts and. in turn, stimulates osteoblasts 
(Fackelmann 1982). But. like all the essential processes of the body, bone 
remodeling is subject to a variety of controls. For example, bone resorption is 
stimulated by parathyroid hormone, calcltrlol (1. 25-dihydroxyvitamln D,). 
prostaglandin E, and osteoclast-activating factor, a lymphoklne. while it is 
slowed by calcitonin and diphosphate compounds (Coccia 1984). 

It is no wonder that, faced with this complexity, researchers are having 
dlflkulty understanding osteoporosis, the disease in which bone mass de- 
creases. Postmenopausal women are at greater risk than men because of a loss 
of bone-sustaining estrogen, but both sexes suffer a slow, age-related deterio- 
ration. This bone loss seems to be caused by reduced osteoblast activity in 
remodeling units. Since healing of fractures isn't slowed in the elderly, the 



57 G7 



osteoblasts still can make bone effectively. The problem, instead, seems to be 
that regulation of osteoblast activity is defective. There is a great deal of contro- 
vert as to who is at risk of osteoporosis and whether or not the degree of risk 
can be reduced. Though calcium tablets are now among the most popular of 
nutritional supplements, some researchers have found that calcium intake in 
adults may have little to do with osteoporosis. In one study estrogen supple- 
ments retarded bone loss in women, while cakium supplements of 2,000 
milligrams dally did not (Kolata 1986). 

Though a great deal of attention is being focused on problems of bone 
deterioration, there is another side to the bone-formation coin, a rare disease in 
which the problem is not a lack of bone, but too much. Here it is not the 
osteoblasts that are defective, but the osteoclasts, reminding us that the balance 
of physiological processes is indeed a balance that, when tipped in either 
direction, can cause problems. The disease is called osteopetrosis, and in its 
most severe form it is an inherited, autosomal recessive disorder which is 
usually fatal during childhood because the nervous ^stem and the bone 
marrow are both damaged by bony sclerosis (Key et al. 1984). 

Careful study of osteoclasts and of the bone resorpUon process has led to 
a iherapy that can help at least some patients with this disease. Research on 
mice has revealed that bone resorption is caused by cells derived from the he- 
matopoietic stem cell, the a mie cell from which red and white blood cells arise. 
In fact, as Peter Coccia (1984) notes. "Evidence is accumulating that mononu- 
clear phagocytes, including peripheral-blood monocytes and tissue macroph- 
ages, also have an important role in bone resorption." These cells have 
organelles and enzyme systems similar to those of osteoclasts. The similarities 
between phagocytes and osteoclasts had never dawned on me. but it makes 
sense: all these cells are involved in the demolition of living material. Thus, a 
bone marrow transplant that includes stem cells, which have the potential to 
develop into both osteoclasts and phagocytes, could provide osteopetrosis 
patients with the cell in which they are deficient. Several such transplants have 
been done, and about half of them have been successful. If the transplant is 
performed in Infancy, the child develops normal nervous, skeletal and blood- 
making systems. In other words, the genetic Imbalance in the bone-forming ap- 
paratus, which 
the body itself 
caniiot right, can 
be corrected by 
human interven- 
tion. 

In other 
cases, imbal- 
ances In the 
body are the re- 
sult of human 
Intervention. 
Throughout 
hlstoiy, vitamin 
deficiency dis- 
eases have taken 
a tremendous 
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toU. As the causes and cures of thM« 

reali^e the iniportar^Vi'Se^'S^tL people came to 

balance seems to be tUtlng Inthe on^t. hi "^fortunately, the 

vltarriln overtoses are be^iWmoS,^'^^ of 
problem stems from the wld^eW^St^wi? common (Brody 1984). This 
jn low doses, it will be evwJSo,^ ufj?x^^^ ^ "««f"l to the body 

(1983) has said. There isTo s^f ^b^t^':S e"^"^^^^^ 
quantity is toxic." substance; anything taken in sufficient 

cases^Sfs/aVXf;^^^^^^ of vitan^ poisoning 

can lead to toxic accumulaaonrT?i?sa^7f«^^^^ 

people are becoming aware of Jhe^nr^^ of vitamin L. But while some 
InanyquanUtySuse^:^^^^ 

body in the urine. They don't coMld^thrt?^ . "^^^^^"^^^^outofthe 
brunt of this chemical onslTurt^fi^fl?^"*^ ^dneys must bear the 
in suscepUble mdlviduai? ^ "^^^ ^ cause kidney stones 

vltan^^^t^st^^^^^ pereepuons about 

have failed to emphasize the concLnt of k!? researchers all 

time that we mate am7recoSs^^,7r^ ^aybe^t^ 
TJls isn't always easy to do. oTar^Ltfi^^ "Jf ^ of biology. 

foTA^T ^^"^ l^ii^^^^ cllscussboth Sides 

to take the more traditional approach Mrf fi^,?!? */ «*ample. rather than 
dmiculty is. as I menUoned befo^ that?!^ ^ i"^^ °" ^^°tting. The second 
often much more is known abluTine s,^^^^^^ VZ ^^^^ ^^ailableT 
in most cases, the negative side of th! k , ^ ''"^ the other. Thirdly 
because, obviously, it&fto S s^uss w^f?,?.'^^ .t^^^^ "^^^ is slight d 
a clot rather than the absencrof a Tn ^ ^^"^ than what is not Uiere 
Uon. etc. Despite thes^ proWei^ i th^^ ^ther than no inflar^: 

act in the classroom. M^e wT^'^f « ^^^^ attempt a balm^ 

bcHly: balance isn't mam^S^^^^ 

Within limits. Such fluctuation sucht^nli^^^!^^ ^ to fluctuate 

constitutes life . and it is this aspei^t o^^^^^ 

cover physiological processes that I think we should stress when we 
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In the Flower Garden 



I'm not exactly sure how I ended up as a biology teacher. My parents were 
neither teachers nor scientists, though they had the attributes of good teachers: 
Inquiring minds, a desire to share their learning with others and the patience 
to do it well. They were the best of teachers because they seemed to do it 
etTortlessly, unlike many parents who are self-conscious in their teaching, who 
try too h-inl to get their children to learn. Some of my clearest childhood 
memories are of my parents sitting in the living room reading and then telling 
each other, and my sister and me. the fascinating items they'd Just discovered. 

Though my background might explain my interest in teachlng-I was 
Imbued with a desire to share learning with others-it doesn't explain why I'm 
teaching biology and not literature, my mother's passion, or political science (as 
a tavern-owner my father talked politics all day!). Science Just doesn't come into 
the picture: in fact, my mother was one of those people who lumped together 
science and math and professed a loathing for both. But a closer examinaUon 
reveals a slightly different picture. There was one aspect of science that my 
mother didn't hate: botany. She still has a school certificate proclaiming, in 
Gaelic, her excellence In botanical science. She always loved growing plants, 
both Indoors and out. Maybe it was kneeling beside her in the garden, planting 
and weeding, that first sparked my Interest in living things. < .1 watching growth 
and change. 

Yet, Ironically, when I got to college and majored In biology, botany held 
no Interest for me. I liked gardening, working with plants, but the more I learned 
about plants, the more confused I became. There was Just too much variability. 
Most animals are diploid, bui nts could be haplold, diploid trlplold or even 
tetrapolold! The multiplicity • - jwer structures also seemed unfathomable, 
and I don't know how many tln*fcs I memorized the distinguishing features of an- 
giosperms and gymnosperms. monocots and dlcots, only to have all these facts 
quickly slip from my brain. 

I have ahvays felt guilty about this blind spot in my biological education. 
There's something wrong about ignoring one of the great kingdoms of living 
things. It is paitlcularfy distressing because I am not alone in my prejudice; to 
many botany is synonymous with what is dry, complicated and uninteresting 
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in biology. Considering my own attitude, I am probably the last person to 
prescribe a remedy for this situation, but perhaps I can learn something from 
my mother. She liked botany because she liked to see things grow, and especial^ 
because she liked to grow beautiful flowers. 

So maybe the place to start Is with flowers. Flowers are beautiful to look 
at: many flowers even imdei^go subtle color changes as they open. This is very 
true of roses and daffodils: the trumpet of the daflfodil "Rlma" is creamy yellow 
when the flower first appears, but then develops to a salmon pink with "a hint 
of lilac" (Lacy 1982). Studying such changes is a great way for students to hone 
their observation skflls. And. to ^ve a new and fresh perspective on observation, 
flowers can even be X-rayed! For the past 25 years Albert Richards ( 1 986) . who 
taught radiography in dental school, has been X-raylng flowers as a hobby. The 
radiographs lack color, of course, yet they strikingly reveal the venaUon of petals 
and the intricate internal structure of the flowers. But it makes sense to study 
flowers for many reasons aside from the aestheUc one. Flowers are of primary 
Importance because they contain the plant's reproductive organs. They also 
were the basis of the first successful plant classification scheme, that of Carl 
Linnaeus, who was Introduced to the field by his botanlcally-mlnded father 
(Gflbert 1984). 

Perhaps the best place to start a dls. ; assion of flowers is at the beginning, 
though there are obstacles to this attempt. It is difllcult to trace the evolution 
of flowering plants, angiosperms. because flowers so rarely fossilize. One clue 
comes from apparently primitive flowering plants that still flourish, such as the 
magnolia. In a beautiful description of its properties. May Theilgaard Watts 
(1975) called the magnolia "the flower at the base of the family tree* of flowers." 
The petals are separate, not Joined at the base as in more modem flowers, where 
a fused construcUon makes it more likely that an Insect wfll make contact with 
the flower's sexual parts and thus pick up pollen. The laige number of carpels 
and stamens also indicates an ancient design, as does the fact that each flower 
is a separate entity, as opposed to composite flowers of later evolutic naiy origin. 
Even the leaves seem primitive since they are unlobed. Recently, a fossil of an 
Archaeanthus Unnenbergeri flowei from Kansas was analyzed (Colllnson 1986). 
It is about 95 million years old. and as would be expected if indeed the magnolia 
is an ancient form, it closely resembles modem magnolia flowers, though it is 
more prlmnive. 

Angiosperms first appeared at least 1 15 million years ago when dinosaurs 
roamed the earth. In fact. Robert Bakker (198b) sees dinosaurs as Instmmental 
in the success of early flowering plants. According to Bakker. it is significant that 
the first flowering plants appeared in the early Cretaceous era. Just foUowing the 
extinction of many herbivorous dinosaurs that were "high feeders" grazing on 
the branches of trees rather than on plants near the ground. When these 
animals died out. the dinosaurs that became dominant were "low feeders" 
browsing close to the ground. This type of feeding is more dangerous to plants. 
High feeders often Just prune large. weU-estabUshed plants: low feeders can 
destroy young plants before they become established and reproduce. Bakker 
contends that. "Intense low cropping placed a premium on any and all plant 
adaptations for fast spreading, fast growing and fast i^producUon. And early 
angiosperms performed exactly these biological functions especially well." In 
other words, the flowering plants gained dominance because they were able to 
survive dinosaur predaUon more successfully than were conifers, cycadeoids 
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and other nonanglosperms. 

Bakker's thesis Is controversial; many other factors influenced angio- 
spenn evolution, including climatic changes and the co-evoluUon of pollinating 
and dispersing agents such as Insects and birds. But the flower-dinosaur story 
is a good one, an attention getter, that may help overcome student indifference 
to the plant world. Though a few students may be interested in gardening, most- 
at least in urban areas-think of flowers merely as something to buy, not grow. 
Last Valentine's Day, my stepson spent a fortune on a dozen roses for his 
girlfriend; that Is the extent of Greg's and most other teenagers' interest in 
flowers. Any interest is better than none. Maybe a discussion of flowers could 
include the question: Why are they so expensive? Flowers are ephemeral: they're 
not supposed to last. The most beautiful are designed to attract a pollinator. 
Having accomplished this mission, a flower's beauty can fade fast. The orchid 
flower is an extreme example. It shrivels up and loses its petals within hours 
after pollination. That's why commercial growers go to extremes to prevent pol- 
lination. 



It is unfortunate that, for most of us, our only experience 
wUh orchids is through the florist. . . Orchids can serve as 
excellent examples of the evolution of adaptions (Gould 
1980). 



But humans are attracted to the beauty of flovers and have developed 
many strategies, from placing aspirin in vase water to refrigeration^ to prolong 
that beauty. Yet nature still balks, so humans have to work fast. Lee Lockwood 
(1984) has written a fascinating article about Holland's Aalsmeer Flower 
Auction. The largest in the world, it handles more than 2 billion flowers a year. 
Flowers sold there each morning are on sale in United States flower shops about 
48 hours later. The operation is computerized, mechanized and highly efficient. 
It has to be, with such a perishable product. But such modem efficiency is 
expensive: that's one reason Greg spent so much for his roses. 

Another reason for high prices is that plants do not naturally flower 
according to human schedules. If we wanted to make things easier on the 
pocketbook. Valentine's Day should be in June. Day length, temperature and 
moisture level are all factors that influence flowering! though to varying degrees 
with each species. Chrysanthemums, for example, bloom naturally in the fall, 
but now theyVe become a popular Easter plant. Greenhouses are a must for 
-forcing" such plants to bloom on cue. Polnsettias need 15 hours of uninter- 
rupted darkness each night if they are going to bring cheer, rather than Just 
green leaves, to the Christmas hoUdays (Swain 1983). and the Vanda orchids 
used in corsages require the warm, moist environment of a greenhouse. They 
have other special requirements too. Orchid seeds are very small and have no 
nutrient reserves. To germinate, they must be infected with a flne fungal 
mycelium which provides the sugars necessary for development. This symbiotic 
relationship explains why early botanists could get orchid seeds to germinate 
only by planting them near other orchids from which the fungus could be 
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passed. Now agar-based nutrient solutions make gennlnatlon more certain 
(Schofleld 1983). 

It Is unfortunate that, for most of us, our only experience with orchids Is 
through the florist. The Orchldaceae Is one of the lai^gest families of flowering 
plants, with about 30,000 species ranging from VaniUapUmifolia, whose pod Is 
a familiar source of flavoring, to the coralroot orchid which can survive the rigors 
of the arctic. Orchids can serve as excellent examples of the evolution of 
adaptions (Gould 1980). Specific pollinators, usually insects, and orchids have 
adapted to each other and formed complex relationships. That's one of the 
reasons Darwin was attracted to the study of this plant family and ended up 
writing On the Various Contrivances by Which Brttlsh and Ftireipn Orchids are 
Fertilised by insects (1862). 

Orchids have fascinated a great many people besides Darwin. Both ama- 
teur and professional botanists have been hybridizing orchids for centuries; 
there are now more thaic 60.000 registeied hybrids. Of coiorse. orchids are not 
unique In this regard; botanists and gardeners have always tried to make 
beautiful flowers more beautiful. Color is of special interest to hybridizers, and 
their successes and failures can teach students much aboui the complexities of 
genetics. For example, there are no red or yellow African violets. A bright red 
violet, a seeming contradiction in terms, appears to be a Holy Grail for lovers of 
the species. In fact, the African Violet Society Is sponsoring research at Penn 
State University toward achieving this goal (AUen 1984). Though a red violet still 
eludes these researchers, their breeding studies have been fruitful in revealing 
much about the genetics of color in these plants. They have sorted out four 
intenslfler genes, as well as genes responsible for flower shape. Richard Craig, 
the chief investigator, thinks Ifs only a matter of time before red and even yellow 
African violets are perched on wlndowsllls. 

I think the best looking African violets are the purple ones, and I'm also 
not thrilled with the idea of a black tulip. But. in Holland. Geert Hageman. who 
has Just developed the blackest tulip to date, is a national celebrity and is taking 
elaborate precautions to protect his precious bulb from theft. He is also trying 
to breed deep blue and bright green tulips. Neither will replace bright red In my 
garden-red is fine for tulips If not for violets. But it will be years before HI have 
to make a decision about such things. Tulip breeding is a slow process (Furland 
1986). After pollen transfer, in this case from "Wlenerwald" with dark purple 
flowers bordered In white to "Queen of the Night" with eggplant-colored flowers, 
the seeds are allowed to mature and then are planted. But It takes at least five 
years for a bulb to mature enough to produce a flower, and thus for a breeder 
to know the results of a cross. 

It seems that breeders can't leave any flower color alone. Some of the 
results are spectacular; Irises and daylllles have become more and more varied 
over the years (Lloyd 1986; Mosher 1983). Yet sometimes breeders don't seem 
to know when to stop. I happen to think that marigolds should be gold, or at least 
some shade of orange or yeUow. But breeders spent years developing a white 
marigold. Each year they selected seeds from the palest flowers for use the 
following year (Perenyl 198 1). This Is a nice example for students of a traditional 
selective breeding program, the type that has been used for mfllenla to bring 
about gradual ImprovemenU In desired traits, and the type that so attracted 
Darwin's attention and played a role in the development of his theories. 

Now I can't see the point of bleaching such a sunny flower as the marigold. 
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but as Roger Swain (1983) says. "There is nothing that excites some gardeners 
more than the sudden appearance of a white blossom instead of a colored one 
The white color in most flowers is due, not to a white pigment, but to tiny, light- 
scattering air pockets In the Intercellular spaces of the petals. These air pockets 
are always present, but usually the petals contain pigments that mask this 
effect. In maxty species, white flowers appear orify when a mutation prevents 
normal pigment production. Swain sees several problems with white flowers, 
including the fact that they get dirty! Many, though not all, white-flowered 
cultivars are less vigorous and less hardy than their colored relatives. Also, 
these albinos may not be pollinated as successfully. Experiments with deep blue 
larkspurs and with white ones revealed that the albino plants produced less seed 
because they weren*t visited as frequently by the larkspur's pollinators. Tills 
may be because the pollinators had a harder time finding the white flowers 
without a white center against a blue background to serve as a taiget. 



. . , /lowers can be looked at jrom a variety of perspectii^s, 
as examples of genetic interactions, as successjid repro- 
ductive structures and as foci for acute observation. Stu- 
dents can learn a great deal of biology from Jhwers . . . 



While I have concentrated on color, there are a variety of other flower traits 
that could be used as examples of breeders* skills and limitations. Petal number 
and shape are favorite targets, though the results aren*t always received enthu- 
siastically. Now there are zinnias so full of petals that they are advertised as 
looking like asters, while others look like dahlias and some resemble chrysan- 
themums. This led Katherine White (1979) to remark. '*I like chrysanthemums, 
but why should zinnias be made to look like them?** This topic makes a nice 
starting point for a discussion of genetic plasticity and also of the question of how 
to define a species. As Peter Moore (1984) has noted, "Gardens can be frustrating 
places for the botanist* because of taxonomic problems. 

Another much discussedflower trait is fragrance. Give someone a rose and 
usually their first response is to smell it. Sean McCann (1987) explains the 
source of fragrance: "Tiny droplets of perfume are manufactured on the inner 
part of the rose petal and burst from minute papillae, or nipples, on the petal's 
surface.** The more papillae present, the more fragrant the rose will be. but 
unfortunately the more easily the petals will bruise, too. That*s one reason why 
Greg*s roses may impress his girlfriend, but not her olfactory receptors. Another 
reason many modem roses are not very fragrant is that disease resistance, 
flower production and growth properties are valued more highly by breeders 
than is fragrance. As Heniy Mitchell (1981) says, there is no perfect rose: The 
trouble is there are no roses, none, that do not fail in one or more of these 
desirable qualities.- 

Considering the fact that roses have been cultivated for more than 3.000 
years (Houghton 1978), it would seem that someone would have come up with 
the ''perfect rose.- The fact that they haven't is a good illustration of the genetic 
recalcitrance with which breeders must contend. This inflexibllily has several 
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sources. It Is good for students to understand these so that they aren't mesmer- 
ized by some of the more optimistic predlcUons made about genetically- 
engineered plants. The first and most Important restrlotlon involves plelotroplc 
genes, those that have more than one effect. For example, as mentioned earlier, 
a genetic change that produces a white larkspur also produces a less fertile 
plant. The second problem is linkage. Sometimes genes for two different traits 
are located so close to each other on a chromosome that they are usually 
inherited together. 

As I have tried to show, flowers can be looked at from a variety of 
perspecUves: as examples of genetic Interactions, as successful reproductive 
structures and as foci for acute observation. Students can learn a great deal of 
biology from flowers, apart from such taxonomic considerations as the structure 
of the pistfl or sepal number. The best possible situation would be for students 
to grow flowers. The elementary school science program called Life Lab involves 
gardening and has been used successfully In a number of schools (Fisher 1 986) . 
Though the emphasis Is on growing vegetables, there is no reason why flowers 
could not be added to the curriculum and to the garden. It would be good for 
students to have the opportunity to kneel down in a garden and plant a marigold 
or a tulip bulb or even a rose bush, and then watch the plant's tremendous 
transformations through the seasons as I did In my mother's garden. 

With all the concern today over where the science teachers of the future 
will come from, perhaps my experience gives one small answer. They literally 
grow in a garden. Perhaps simple experiences like my own are the best form of 
nourishment for future talent. I am convinced that, despite all that has been 
learned about cognitive psychology, we really know little about what touches 
children most deeply. The things I most remember from my teachers are simple 
things, probably not what they were most conceme i about teaching me, and I 
think this is true for many people. Georgia 0*Keefe, an artist who often took 
flowers as her subject, remembered a teacher who held up a plant for study and 
pointed out the shapes and variations in color found in it. This started O'Keefe 
looking more carefully at the world around her and at the rich and exciting 
variety of shapes and colors to be found there, especially in the world of flowers 
(Foshay 1984). 
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February 1988 



Of Chaperones and Dancing Molecules: 
The Power of Metaphors 



Once In a while. I'll read an article on biology that makes my day. For some 
reason, it is so intriguing that my mind keeps returning to it. This is one of the 
great pleasures of being a biologist, and one that I experienced recently when I 
read an article on "molecular chaperones" (Ellis 1987). 

Molecular chaperones are cellular proteins that ensure both the proper 
folding of polypeptide chains and the assembly of multi-chain or oUgomeric 
proteins. For example, nucleoplasmln is an acidic nuclear protein required for 
the assembly of nucleosomes from DNA and histones. It interacts with histones 
so as to shield their positive charges and thus promote hlstone-hlstone 
interactions by reducing electrostatis repulsion between them. 

Like any good chaperone, nucleoplasmln does not form part of the final 
relationship, but slips away to service another hlstone interaction. As with their 
human counterparts, molecular chaperones also prevent improper interac- 
tions, ones that would produce incorrect molecular structures. Some disas- 
semble protein structures that are no longer needed or that form during 
stresses, such as heat shock. The heat-shock proteins hsp 70 and hsc 70 
migrate to the nucleoli of heat-shocked cells. There they bind to and disrupt 
insoluble preribosome aggregates, thus helping recovery of normal nucleolar 
structure. 

I'm fascinated by molecular Interactions, so this article was naturally 
interesting to me, but it was of special interest because of the intriguing 
metaphor used to describe this interaction. At first glance, proteins and chaper- 
ones do not seem closely related, so the mental process that leads to seeing such 
a relationship is a satisfying experience of discovery. 

Now "metaphor" is a topic usually associated with literature, not science. 
Metaphors are figures of speech that add richness to language and thought by 
likening two seemingly dissimilar things. But the development of a metaphor is 
a creative process whk:h Is as essential to science as it Is to Uterature. Philip Gell 
(1983) says that: 

the use of metaphor and analogical thinking is crucial to theoiy building in 
biology, In fact possibly theoiy building in biology is no more than the 
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development of useful metaphorsHvhich is much more crucial than meas- 
uiement. Hie shared use of metaphors in art and in science seems to me 
possib^ the cement that keeps the two together. 

In a discussion ofllteraiy metaphor. Max Black (1978) aigues that, rather 
than merely formulating a similarity that already exists between two subjects, 
a metaphor actually creates that similarity. He develops what he calls an 
interaction view of metaphor. In the case of a protein being like a chaperone. the 
protein would be the "principal subject" and chaperone the "subsidiary subject." 

The word "chaperone" brings to mind a system of conmionplacc meanings. 
These include the idea that chapcrones encourage proper interactions and curb 
or break up improper ones. This is similar to the function of proteins in the body. 
The use of Uiis metaphor emphasizes those ideas about proteins that are similar 
to ideas about chaperones. whUe suppressing those ideas that are dissimilar. 

In other words, the metaphor organizes and directs our view of protein: it 
acts as a filter, allowing certain aspects of proteins to come forward more clearly. 
This interaction can also change our view of the word "chaperone." making it 
perhaps a little less romantic. 

Jacob Bronowskl (1978) asserts that "the whole of science is shot through 
and through with metaphors which transfer and link one part of our experience 
to another, and find likenesses between the parts." 

An example of this is Erwln ChaigaflPs (1978) description of his reaction 
to Avery's paper on DNA as the molecule of heredity: "I saw belore me in dark 
contours the beginning of a grammar of biology. . . Avery gave us the first text 
of a new language . or rather he showed us where to look for it . I resolved to search 
for this text." This metaphor led him to the discovery that the DNA from every 
organism contains equal amounts of guanine and cytosine. and of adenine and 
thymine-an Important clue used by Watson and Crick in working out the base 
pairing in DNA. 

Another interesting metaphor is Willlc«a Rushton's likening of the effect of 
light on molecules in retinal cells to the effect of music on dancers. Light causes 
the molecules to "rise and dance and change partners" (Stryer 1987). I find this 
metaphor very appealing. It makes the complexities of visual excitation seem 
less daunting and more interesting. It also helps me to visualize 
what's happening at the molecular level. Thus it il- 
lustrates the fact that some of the best scientific 
metaphors are both visual and based on human ex- 
perience. 

Sometimes a metaphor becomes so familiar It is 
hardl> thought of as a metaphor. This is true of 
the idea of the heart as a pump. Jonathan Miller 
(1978) contends that William Harvey would never 
have conceived of the heart as a pump If water 
pumps hadn't come into use in 16th-century 
mining, flreflghting and civil engineering. "It 
seems unlikely that Harvey would have departed 
so radically from the traditional theory if the 
technological images of propulsion had not en- 
couraged him to think along such lines." 
Miller notes that while primitive societies draw 
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thelrmetaphors about body function from nature-tides, winds, harvests- tech- 
nologically advanced societies use more mechanistic metaphors such as that of 
the heart as a pump. 

Of course, biological metaphors do not have to be mechanistic. Howard 
Gruber (1978) notes the Importance to Darwin of the tree as a metaphor for 
evolution. Tree diagrams appear often in Darwin's notebooks, and 

the image of the Irregularly branching tree of nature played a pivotal role very 
earlyin his thinking about evolution. It captures many points: the fortuitous- 
ness of life, the irregularity of the panorama of nature, the explostveness of 
growth and the necessity to bridle it "so as to keep number of species con- 
stant." 

In another work Gruber (1981) argues that no single metaphor can 
illuminate all of evolution, that Darwin had to use an "ensemble of metaphors" 
to generate and express such a new point of view. Along with the tree metaphor, 
Darwin used the image of nature as a "tangled bank," with organisms interact- 
ing with each other and the enviromnent in complex interrelationships. 

Darwin also compared evolution metaphorically to human warfare and to 
artificial selection. Gruber says these are the two metaphors commonly referred 
to in discussion of Darwin's theory. Thty arc simplifying images while the images 
of the tree and the tangled bank stress complexity and "dramatize the principle 
of vitality and the explosive. Irregular living material on which selection v orks." 

Oiily when all these metaphors are invoked is a true picture of PvrT jj ion 
possible. It is George Levlne's (1986) view that Darwin's use of metap... was 
literary as well as scientlflc, and that the success of The Or^fn of Species as 
literature facilitated its success as science In order to make and sustain his 
assertions. 

Darwin had to perform some remarkable rhetorical feats, particularly feats 
of metaphor and analogy . . . Darwin's literary and rhetorical powers help to 
account in great part for the fact that evolution as an idea, in relatively little 
time, took hold in the scientlflc conmiunity and in the culture at large. 

This example illustrates philosopher George Dtekie's (1971) description of 
metaphor as "a pervasive and powerful aspect of language." Both qualities are 
apparent in the way we use language to describe disease. 

In lUness as Metaphor, Susan Sontag (1978) notes that in the 18th and 
1 9th centuries tuberculosis was associated with romantic metaphors of delicacy 
and sensitivity, while military metaphors in medicine "llrst came into wide use 
in the 1880s with the identification of bacteria as agents of disease. Bacteria 
were said to 'invade* and 'infiltrate. ' But talk of siege and war to describe disease 
has now, with cancer, a striking llteralness and authority." 

In cancer, the body is "under attack" and the only treatment is to 
"counterattack," for example by "bombarding" a tumor with radiation. It is 
Sontag's contenUon that "Illness is not a metaphor, and that the most truthful 
way of regarding ilhiess-the healthiest way of being ill-is one most purified of. 
most resistant to, metaphoric thinking." But the very pervasiveness of the 
metaphors she describes makes this unlikely. 

A metaphor can sometimes be powerful enough to bring about a paradigm 
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shift in a science, as Donna Haraway (1976) explains in her histoxy of 20th 
centuiy embtyology. Pointing out that metaphor is an important aspect of a 
paradigm, she presents the paradigm shift as a change from the metaphor of the 
embryo as a machine to that of the embiyo as an organic system composed of 
cxystals. fabrics and fields. 

She notes that a metaphor can be crucial to the advancement of science 
because "it leads to a searching for the limits of the metaphor system and thus 
generates the anomalies important in paradigm change." She also says that 
researchers using different me aphors-for example, the embryo as mechanism 
or as oiganism-would be inclined to work on different experimental problems 
and to interpret the results in different language. 

The Importance of metaphors in biology can also be illustrated by the 
problems which arise when an adequate metaphor cannot be found. Stephen 
Jay Gould (1985) describes the case of the 18th centuiy French savant 
Maupertuis. In the argument between eplgeneticists and preformatlonists over 
embryonic development, Maupertuis sided with the former, but could not accept 
a vltalist explanation. He instead developed a rather weak explanation involving 
a kind of gravity. Gould asks: 

How could Maupertuis imagine the comect solution to his dllemma-progranuned 
Instructlons-in a centuiy tliat had no player pianos, not to mention comput- 
ers? We often think, naively, that missing data are the primary Impediments 
to Intellectual progress-Just ftnd the right facts and all problems will 
dissipate. But barriers are often deeper and more abstract in thought. We 
must have access to the right metaphor, not only to the requisite Information. 

The fact that metaphors have such a powerful influence on thinking means 
that they can also mislead. Haraway (1976) cites the case of Otto BQtschli who 
was so influenced by the metaphor of cellular protoplasm as crystallne material 
that he analyzed protoplasm in terms of a geometrical space- lattice, and "belief 
in his paradigm led to his seeing structures that could hardly be confirmed 
today." 

Such an error, rather than weakening the case for the importance of 
metaphor in biology, actually strengthens it. It shows that the influence of a 
metaphor can be so powerful that it can weigh more heavity in a biologist's 
evaluation of nature than does more concrete evidence. 

According to Jonathan Miller (1978). a metaphor can be so pervasive that 
once it "lodges in the imagination, it can successfully eliminate or discredit any 
evidence which might be regarded as contradictory." 

Another problem with the use of metaphors in science is that they are not 
always fruitful; they do not always lead to real advances in understanding, J.F. 
Stein (1986) describes the successive metaphors that have guided research on 
the functioning of the cerebellar cortex. In the early 19th centuiy the cerebel- 
lum was thought to be like a voltaic battery, while in the early 20th century its 
roles in proprioception was likened to that of a telephone exchange . Then, in the 
igSOs, it was seen as a collection of transistor delay lines, and today as a 
computer, 

"But ttie cynic's view is that the usefulness of these theories varies 
inversely with their content of technical Jargon," Stein contends that "despite 
engineering temUnology," our understanding of the function of the cerebellum 
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has hardly advanced since 19 17 when Gordon Holmes described the disabilities 
of soldiers with cerebellar injuries. As Joel Hildebrand (1957) has noted, a 
metaphor "may suggest a valid hypothesis, but there is a danger that it be 
mistaken for evidence." 

Gerald Holton (1986) warns of another problem: "Metaphors do not carry 
with them clear demarcations of the areas of their legitimacy." A metaphor can 
be pushed too far; too many comparlsons-not all of them legitimate-can be made 
between the "principal" and "subsidiary" subjects. Then the metaphor may 
become confused with an identity. 

According to Agnes Arber (1954). a metaphor is good and useful as long as 
its imperfections are kept in mind. The Imperfections are the dissimilarities that 
exist between the principal and subsidiary subjects. Despite dangers, these 
ImperfecUons are important to the functioning of motaphors because "it is their 
imperfecUon which set them in the boundary region of scientific thought where 
they can exercise their unique power of acting as cormecting links with other 
worlds of experience." 

It is important for teachers to realize the problems involved in using 
metaphors because, as William Gordon (1965) points out. "good teaching has 
always made ingenious use of metaphor and analogy to help students visualize 
the internal worklrJg of substantive material" in science courses. Holton (1986) 
argues that a metaphor that is useful to a scientist may be confuslrig and 
misleading, as weU as useless to students. He says that a metaphor can have 
different funcUons. It can serve a scientist either in privately working out a so- 
lution to a research problem, or in explaining research to other scientists and 
even to the public. But a metaphor that didn't play a role in the development of 
the research can. nonetheless, be used by a scientist to explain research to 
nonscientists. 

Thus scientists can reserve some types of metaphors for themselves and 
use other types in communicating with the public. Holton does not see this as 
necessarily dishonest or destrucUve to public imderstanding of science but he 
does add thet: 

the scicnUst needs above aU watchllilly to avoid unintended or misleading but 
appealing metaphors. More often than not I find so-called populailzaUon of 
science shot throiiglx with the attempt to gain attention or understanding by 
banalized or cheapened metaphors. That Is Just as counterproducUve with 
Inspect to scientific Uteracy as fiBOilng to explain the proper boundaries of the 
correct metaphor. 

He says that a "scientist-educator is more likely to avoid such traps ... if he or 
she is more conscious of an active obllgaUon to create lively new models, 
analogies, and metaphors that do not sacrifice content in return for easier trans- 
mission." 

I Ihlnk Holton makes two points here that are Important to biology 
teachers. First, he menUons models and analogies as well as metaphors. While 
many wrltejrs use the terms Intercliangeably. there art; differences between 
them. In an analv.;gy . the comparison is more direct; the two subjects compared 
are more similar than in a metaphor. According to W.H. Uatherdale (1974). 
Dl -ause the comparison is simpler and clearer, analogy doesn't lead to great 
discoveries, though it can be useful in clarifying thinking and in teaching 
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scientific concepts. Amodel Is a type of analogy In which either a complex system 
Is compared to a simpler one or one system is likened to another. With analogies 
and models the room for creativity is more limited because the boundaries of 
the comparison are more obvious than in metaphor. 

Holton also speaks of the 'active obligation" we have in the use of metaphor 
In science education. If metaphors are Important in the process of science, then 
metaphors shouW be stressed more in teaching science. We often use analogies 
and metaphors almost unconsciously when tiylng to get concepts across to our 
students. Tt seems that when students are having ^fiiculty understanding a 
concept, our mlrids work feverishly to find Just the right comparison. Perhaps 
we should let our students in on our technique: perhaps we should actively tiy 
to make ourselves and our students aware of the part metaphor plays in both 
the process and teaching of science. 

William Gordon (1965) goes one step further and suggests that we explore 
the possibility of teaching students the conscious use of metaphor. These 
metaphors can lead to visual Images for an intuitive, personalized grasp of 
science." He says that such personal metaphors make scientific concepts real 
to students and give them a taste for the type of mental processes that occur in 
doing science. But even the appreciation of others' metaphors can be rewarding 
because, as Agnes Arber (1954) says, humans have an "tmdue craving" for 
metaphor "because of the degree of emotional satisfaction which its use affords." 

J acob Bronowski ( 1 9b6) sees the appreciation of established metaphors by 
students as similar to the process of developing new metaphors in science. In 
both cases there is a "moment of vision" when the mind performs the "act of 
fusion ... In the moment of appreciation we live again and the moment when 
the creator saw and held the hidden likeness." 

I experienced Just such a moment of vision when reading about molecular 
chaperones. We owe it to our students to provide them with exciting moments, 
to guide their minds toward an appreciation for the role metaphor plays iii 
biology. The term initially may seem strange to them coming from a science 
teacher rather than an English teacher, but discussion of biological metaphore 
may enrich our students' understanding of biology, it may also show them that 
the sciences are more closely linked to the work! of arts and letters thai they 
thought. ' 
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Communicating Biology 




As NABT celebrates Its 50th year, I'm celebrating my 40th. Though it's ten 
years older. NABT is probably holding up better than I am. An Institution as 
yigoroiis as NABT Is constarUy being revitalized by new membera and new 
leadership. While It can mature, it doesn't have to deteriorate with age. 

That, unfortunately, Is not the case with an Individual. But luckily biology 
teachers aren't necessarily over the hill at 40. Though we may not be quite as 
willing as we once were to undertake an amblUous lab or an arduous field trip 
we may have gained a maturity and depth of perepecUve that more than 
compensates for our lack of stamina. 

Nevertheless, we must guard against complacency. Our work can become 
so routine that it's easy to alack off on the amount of mental, as well as physical 
energy we expend. This can have the disastrous effect of making us boring not 
oiity to our students but to ourselves. 

My remedy for this is to try something new-a new topic, a new teaching 
technique or, the best corrective of all. a new course. Fortunately, I teach In the 
unit of the univer-^ity responsible for career-oriented programs. This means that 
I get the opportunity to stay mentally young by devising courses for nonsclence 
majors in a variety of fields. 

Years ago I developed a course for criminal JusUce majors. It focused on 
the brain, psychoactive drugs, mental iUness, stress and the biological side of 
forensic science. Then came a health course for health care admlnlstraUon 
majors and more recently, a course in e: < icise physiology for those In athletic 
adnUnistra Jon. My latest anU-aging remedy is a biology course for communica- 
tion arts and Journalism students which I will be teaching next semester 

This course will be less fact-based than the others. My aim is to commu- 
nicate to these students my vision of biology. Many of them come to college with 
an image of biology, and of science in general, that is very different from my own. 

As every teacher knows, many students see science as difficult, complex 
and boring. Few, especially among nonsclence majors, see it as interesting 
illuminating and exciting. I'm not sure it's possible to appreciably change the 
former image to the latter in a mere '»emester, but I think it's important to tiy. 
particularly in teaching those who plan to go into the communications tleld.' 
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Once they have finished their formal education, most people derive almost all 
Uielr science Information from the media. Thus, the perceptions of science held 
by those working for newspapers and magazines or in TV and radio play a 
significant role in determining the perceptions held by the rest of the population. 

I plan to use the media to help me present my ideas on biology. I'll draw 
from TV and radio programs and from movies, as well as from newspapers and 
magazines. Some of the best media presentations do captiore Uie excitement and 
Interest and even the fascinating complexity of science. 

But if I am to achieve my goal of changing perceptions, many of these 
presentations must be critiqued, because of their essence they give a limited 
view of science. 

First of aU. In most cases thefr aim is not to e'^ucate. but to Inform and 
entertain. In newspapers and in TV or radio reports, the public expects to find 
out what's new. This rather obvious point means that background information 
which would put that news item In perspective. Is often Inadequate. This may 
be less of a problem in a magazine article, but even here the entertainment factor 
comes in-too much information can bog down a stoiy. With limited space 
available, keeping a story interesting means keeping it simple (Gastel 1983). 

In the case of TV or radio, time is tiie major limiting factor. And while TV 
can augment the verbal material with interesting and informative visuals, there 
a limit to the complexities the human mind can absorb from such a format 

Everyone shoula. » aware ofthesc limitations, but it's particularly Important for 
tnose Involved in communications. 

As a biology teacher, my knowledge of theory and practice In communlca- 
tlons is minimal, so I don't intend to teach students how to communicate 
science. And since almost aU of these stufients had high school biology. I won't 
rehash that material. I intend. Instead, to communicate to them some blologi- 
cal concepts and some of my feelings and ideas about biology. I realize tiiat iny 
concept of biology is idiosyncratic at best, that every teacher has a sUghUy 
different view of what it means to be a biologist. 

John Janovy (1985) has written a worideriul book. On Becoming a 
r ?S recentiy reminded me of this. WhUe we both love the subject we 

love difl-erent things about it. He sees ecology at the center of the discipline, while 
I look at biology from the opposite-the molecular end. 

I dori't plan to use a textbook in this course, but rather to give students a 
leading lis ofarticlesonrescnrelnthelibrary. Students don't like this approach: 
it s a hassle to run to the Ubrary to read the needed material. But in ihh way 
students can sample a wider variety of writing Uian would be available in aiw 
book, and I can tailor tiie reading list to fit my aims. I want students to realize 
that science Writing and textbook writing are not synonymous ternis. that 
reading a.x)ut biology can. beUcvc it or not. be enjoyable. I also want them to have 
glimpses into the minds of some biologists so they can develop an inkllnfi of how 
a scientist thinks about science. 

Even though the aim is to create more scientifically literate communica- 
tions experts, media presentations-because of Uie limitations mentioned earUer 
-carmot be v he only source of material used to achieve this goal. I have found that 
my own appreciation of biology has been most enriched by essays, especlallv 
those Written by biologists who are also Uterary stylists. 
1.-, V-/ ^ of favorites who are so good Just Uilnklng about their work 
brightens my day. IH Include several of these in my reading list which is of course 
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subject to change during the semester as I get a feeling for how my choices are 
going over with the students. Are these essays conveying the Ideas I Intended? 
^e they as fascinating as I had thought, or are they something only a dyed-in- 
the-wool biologist could love? J J 

I'm going to start with an essay that is directed to science teachers: Leu'ls 
Thomas's (1985) HunwnWes and Science. His argument is that science teach- 
ers approach their task in the wrong way. They fill their students with 
InformaUon. implying that science has achieved a fairly complete picture, a 
satisfactory explanation of most of the Important questions in physics, biology, 
etc. This discourages students boUi because they think that they can't possibly 
master all these facts and because the explanations of science seem too complex 
to be grasped by their untiled minds. Thomas's point is that this approach 
is not only demoralizing to students, it presents a false picture of science. The 
sciences can. in fact, explain very lltUe about the world ^-ound us. Biology In 
particular. Is constantly dealing with profound mysteries, not only abiut 
memory and development, but even ibout how the heart works and how a plant 
uses the sun's energy. If teachers presented biology more as a mystery tour. If 
they identified wIUi their students as fellow searchers who are also baffled by 
these mysteries, perhaps students wouldn't feel so defeated and would bejffin to 
see science as the adventure it truly is. 

Now it may seem odd to assign students an essay that's addressed to 
teachers, but I can't think of a better way to teU students how I perceive science 
and how I would like them to perceive it. 

Also. Lewis Thomas Is saying that there is good reason for their negative 
attitudes toward science. Uiat tiielr lack of interest and even hostility Is not due 
to some intrinsic quality of science, but to tiie way it may have been presented 
to them. Tills essay. I hope, will get them thinking about how they feel about 
science why tiiey feel that way and about how science was communicated to 
them. It seems a good way to start the course. 

^ . I" *° encourage students to see the living world as fascinating I'm 
going to follow a basic rule ofjoumallsm: Use specific examples to make a topic 
real for a reader. ^ 

I'lldothlsby assigning essays that beautifully describe speclficorganlsms. 
even thou^i the organisms Uiemselves would not necessarily be described as 
beautlfulThat is definitely the case wiUi Howard Ensign Evans's (1968) depic- 
tion of the bedbug. While he rejoices at Its demise in the Western world, he calls 
it a cuddly animal." and goes on to give a witty but careful description of its 
habits, hosts ana .'nating--the male punctures a hole in*^^, female and inserts 
his semen there." His tone Is so conversational, his use u? words so distinctive 
that the facts fascinate rather than drown the reader. Yet his descriptions are 
detailed enough to rweal the complexity of the organism and Its behavior. 

While Evans is a professional biologist, a professor of entomology 
Colorado State University, such credentials are not necessarily a requirement 
for good science writing. In fact, some science Jouniallsts think the opposite is 
true, that a scientist Is too Immersed in a sublect to simplify it for the 
nonscientist. While Evans disproves UUs conJectM.-e, David Quammen (1985) 
shows that professional joumaUsts can also make biology come alive. His book 

SS^I^s'to ttie t^er^ "^'^^ ^^^^ ^^"^ ^ "^^^^ °^ organisms from the 

The essay IVp selected use In class is about an animal that some may 
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find as annoying as the bedbug. Titled Has Suxxess Spoiled the 
Crow?, it extols the Intelligence of this bird, again using specifics 
to make the bird and its behavior veiy real. As the title suggests, 
this essay Is written In a tongue-in-cheek style . In his writing. 
Quammen Is a bit of a wise guy about nature. Maybe that's 
why this essay is particular^ good-here he is writing 
about a wise-guy bird. But the entertaining lang^ jge 
conveys a great deal of information and makes a 
valid point about evolutionary adaptation. 

Yet perhaps the most Important idea that 
Quammen conveys is that science writing can 
be fun to read. I plan to stress this point by 
assigning some articles fromThe Woiu Street 
Journal that mix science with humor, jret 
make serious points about science in our 
society (Cantu 1987: Hays 1.987). 1*11 also use the cartoor .i oi Gary Larson, Roz 
Chast and Sidney Harris for the same reason. 

Nonsclentists tend to relate better to articles about r.nlmals than about 
plants, perhaps because the behavior of animals is so much more obvious than 
that of plants. But Roger Swain's essays prove that a plant c< .n be as fascinating 
as any animal. Using the literary technique of making the common seem 
uncommon, he can make something as ordinary as a philodendron worthy of 
interest. 

In Earthly Pleasures (1981). he describes the natural habitat oiMonstera 
deliciosa^ which we know as the splitleaf philodendron. It is native to the wet 
tropical forests of Central America, where it produces 10-inch long, cucumber 
shaped fruit and much more luxuriant foliage than when grown "at the end of 
the couch" In a North American living room. But Monstera is notjust bigger and 
better in its natural envirotunent. Some species of this genus display rather 
peculiar behavior for plants. In the early stages of growth along the forest floor, 
the vine seeks dark rather than light, as most self-respecting plants do. This 
behavior may allow the vine to find the "dark silhouette" of a tree up which to 
climb. Having done so, it then develops more normal light seeking behavior. This 
article shows that plants, as well as animals, can have interesting behavioral 
repertoires. 

After the Swain reading. 111 lead students back to the animal kingdom with 
a selection from William Warner's (1976) Beauty Swimmers. Subtitled Water- 
men, Crabs, and the Chescq)eake Bay, this book describes how closely the well- 
being of all three is tied together. It also shows how much nonsclentists, in this 
case crabbers, can know about nature, about the part of the natural world that 
is Important to them. This may help to weaken the idea held by many students 
that scientists arc experts about nature and nonsclentists are not. It may help 
them realize that with nature and see what Lewis Thomas was getting at-that 
we arc all trying to grasp the mysteries of the world around us. 

To provide a more philosophical and historical slant. IVe chosen an essay 
from Stephen Jay Gould's (1977) Ever Since Darwin in which he critiques the 
standard view that preformatlonlsts were "wrong" and rather slmplemlnded. 
while eplgeneticlsts were "right" and rather clever in theli views on embryonic 
development. He shows that, based on the cultural climate and the information 
available at the time, the preformationlst view was very reasonable. I see this 
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example as a cauUon to students not to think of today's science as "right," and 
yesterday's as •Vrong." 

Ukc those In the past, scientists today fuiicUon In a particular culture and 
• with limited informaUon. so they too are subject to error. This is a good thing to 
keep In mind when reading newspaper accounts about the latest research 
findings or. more to the point, about the latest theory that has been overturned. 
The "latest" may be the best explanaUon of a phenomenon available at the 
moment, but it is always subject to change. 

Just as no scientific explanaUon is perfect, no scientist is perfect either. 
Even among those for whom scientific fraud is imthlnkable. personality can 
limit their perspective. Hils Is not necessarily a bad thing because these limits 
can serve to focus their endeavors. Some researchers like to look at the broad 
picture, to find unifying concepts. 

Especially in terms of biology, many writers have deepened 
our appreciation and perceptions of the natural world. Any 
number of examples are available, includir^g wiiole an- 
thologies . . . 

WhUe physicists are particularly good at this kind of thinking. Francis 
Crick Is a biologist with a similar bend. After his work on DNA structure, he 
developed a number of theories about DNA coding and, with LesUe Orgel 
theories on the origin of life. In other words. Crick is a synthesizer, as opposed 
to the cytogenetlclst Barbara McCUntock. who is more comfortable with analy- 
sis, with taking a system apart and studying its components. I think it - 
Important for students to realize that such differences in approach, in style, 
exist. 

Scientists are not Immune t j very human likes and ^<sUkes which can 
influence their choice of research areas as weU as the strategies th?y use in 
developing their research programs. To lUustrate this point. I'm using Harold 
Morowltz's (1979) essay Splitters and Um^s, in which he looks at the equally 
important roles of analyzers and synthesizers in science and at the fact that 
some scientists, like Darwin, combine both roles successfully. 

It is not uncommon for researchers to speak of "getting down into" their 
biological material, of thinking of themsehres as p at of a living system. June 
Goodfield (1981) quotes an unnamed researcher as saying that "you must 
identify with what you are doing. You must identify totally. If you ally want to 
understand a tumor, you've got to be a tumor." 

This is a dlff'lcult idea for students to grasp wlthcut extensive work with 
particular specimens or organisms that they could come to love. Perhaps they 
can get some small sense of what it's like by reading Prlmo Levi's (1984) essay 
Carbon. Itis, simply, the odysseyofacarbonatom. The narratorfollowstheatom 
from its original home in limestone, where it was bonded to oxygen and calcium 
atoms, to its present posiUon in the brain of the narrator. In between, it finds 
Itself In blood, cellulose, coal, a glass of milk. etc. By the end of the essay the 
reader Is caught up in the atom's trials and tribulations, and identifies in some 
way with this tiny unit of matter much as Joshuah Lederbei^ has described his 
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Identification with a bacterial chromosome (Judson iG80). 

Prlmo Levi has written both fiction and nonflctlon, and this essay Is a 
beautiful blend of the two. It Is also a skillful mixture of the literary and the 
scientific, which is not surprising since Levi was a chemist as well as a writer. 
The linkage of these two modes of human expression is not as rare as is often 
assumed. Especially in terms of biology, many writers have deepened our 
appreciation and perceptions of the natural world. Any number of examples are 
available, including whole anthologies (Cadden & Brostowin 1964; Kiely 1966). 
IVe chosen Walt Whitman's (1960) poem Cony;)ost for my class because it 
combines perceptive observations on the decay process with thoughts on the 
hopefulness of life. It takes a topic that is rather ordinary, if not repulsive 
("dlstemper'd corpses"), and makes it extraordinary and uplifting. It makes us 
see life, including the life of science, a little differently. 

If time permits (and usually it doesn't because like most teachers, I run out 
of time before I run out of ideas), I'd like to give students other poems to read. 
This may help balance the more fact-laden presentations tlieyH be reading in 
newspapers and magazines throughout the semester. I expect them to monitor 
the media closely to see how, for example, TV and radio coverage of a scientific 
discovery differs from print media coverage. 

But I don't want to overwhelm them and give them the idea that science 
is all work and no fun, so I'm having them read an essay from Will Cuppy's ( 1 94 1) 
How to Become Extinct to sho^ that biology can not only be fun, but funny. 
Cuppy wrote these "nature" pieces for the New Yorker in the 1930s. His 
knowledge of biology is extensive, but he refuses to take science too seriously, 
which biology teachers are often guilty of doing. Sentences such as "Snakes are 
vertebrates and the vertebrates are classified as higher animals, whether you 
like it or not" make Cuppy a Joy to read, and the Joy of biology is one of the most 
important things I'd like to communicate to my students. 

In this brief outline of the readings I've chosen, I haven't touched upon the 
meat of the course- the specific topics I will cover and how I will approach them. 
I hesitate to be too specific now. Teaching a course for the first time is, at besl, 
a groping process. Perhaps in a future column I'll be better equipped to discuss 
what the course content Involved. 

Right now I pl'^n to draw heavily from the sociology, history and philoso- 
phy of science. In my present outline there is little place for the social and ethical 
problems related to biology: envlrormiental deterioration, geneUc engineering, 
medical technology. This is not because I don't consider these problems impor- 
tant, especially for those who are going into the field of communications. On the 
contrary, I consider them vital Issues that deserve a course of their own, a follow- 
up to my present effort. 

After students have a better feel for biology, they might be better able to 
appreciate how biology relates to other human endeavors and problems. And a 
second advantage of yet another new course would be to slow down m mental 
aging for a few more years! 
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Eye on Biology 



"Biaiogy is the most visucd of the sciences." This comment by Phillip Rltter- 
bush ( 1 968b) Is almost a truism; biology Is so Involved with visual Imagery that 
we tend to take this for granted. Yet It Is Just such Imagery that Initially drew 
many of us to the field. For example, W.I.B. Beverldge (1950) notes that 
"naturalists and zoologists are often attracted to study a group of animals 
because they find their appearance pleasing." 

Of course there is more to a biologist's use of vision thanjust looking at the 
beauties of nature. Agnes Arber (1954) called her book on the philosophy of 
biology The Mind and the Eye to point out the complex relationship that exists 
between the two in the formation of images. And Ren6 Dubos (1 96 1) thought one 
of the most creative aspects of the human mind was the ability to create an 
Image-more precisely, to select from the countless and amorphous facts and 
events which impinge upon us a few that each individual can organize into a 
definite pattern which is meaningful to htm." 

According to Howard Gruber (1 978) , who studied Darwin's use of imagery , 
Images are constructed rather than chosen. They "carry the specific message the 
Individual scientist is trying to formulate and convey," and they, in turn, "regu- 
late the future course of that work." 

What Arber, Dubos and Gruber are describing is what Rudolph Amheim 
(1969) would call visual thinking, the tmlon of perception and cognition. These 
have often been treated as separate mental activities, with cognition consldexxsd 
a "higher^ ftmction than perception. To Amheim (1986) it Is "essential to go 
beyond the traditional notion that pictures provide the mere raw material and 
that thinking begins otHy after the information has been received." Rather, 
"thinking originates in the perceptual sphere, and . . . much of the truly creative 
exertion of the mind in any field and at any level consists of perceptual opera- 
tions" (1969). 

In discussing ways to teach visual thinking, Doug Stewart (1985) says, 
"Images provide a rich, expressive medium for thought that complements 
analytical reasoning and offers quicker, more xmexpected Jumps and connec- 
tions." 

While Amheim and Stewart stress the importance of visual thinking in all 
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fields, It is particularly important In the sciences: "Often defying verbal 
classification, phenomena and functions In the world of science and mathemat- 
ics depend upon visual tnmslatlon" (Preusser 1965). Jacob Bronowskl (1978) 
has noted that "science uses Images, and e3q>erlments with imaginary situ- 
ations, exactly as art does." He goes on to say that many people see reasoning, 
and therefore science, as a different activity from imaging. But for him 
"reasoning is constructed of movable Images," and he thinks "we do great harm 
to children in their education when we accustom them to separate reason from 
imagination." 

In his book fixpcrterices in Visual ThWdnfif, Robert McKim( 1980) says that 
reading, writing and arithmetic arc practiced as skills that separate children 
from sensory experience and that this one-sided education leads to "visual 
atrophy." 

Richard Preusser (1965) sees this as a particular problem in the sciences 
because "scientific curiosity leading to discoveiy and invention needs the 
stimulus of visual as well as mental contemplation." And Robert Wolff (1965) 
asks: "Is not the biologist critically handicapped in his task of revealing the 
structure of oiganic life to students whose visual acuity and curiosity have never 
been seriously challenged by education before entering the biology lab?" Hils is 
obviously a question that we as biology teachers must consider. We have to look 
athow we nowuse Images andvisual thinking in the classroom and lab, and how 
we could use them more effectively. 

Graphic Communication 

We employ so many visual Images in our teaching-from Uve animals and 
charts to photographs and movies-that it requires effort to step back and 
examine this total Involvement in visual imagery. John Janovy (1985) says that 
biology is very dependent on graphic communication because "the world of life 
is. above all, the world of objects." He thinks that biologists like to see living 
things or, at least, "things that our minds can easily translate into living 
organisms. More often than not. this desire is manifested as dependence on a 
picture." He sees "the graphic richness of an introductory biology text" as a com- 
munication device and adds. 

all scienUflc piibUcaUons will have graphs as well as Bow diagrams, charts, 
tables. But in the biological Journals you wlU find detailed anatomical 
drawings, graphic deplcUons of behavior and ecological relaUonships. and 
photographs of biological materials. 

Stephen Jay Gould (1987a) agrees that Illustrations are integral to 
sclentlftc communication: "To a world of observation, pictorial summary as- 
sumes an especially vital role." He says that "we must never omit (though 
historians often do) the role played by scientific illusti^tions in the formation of 
concepts and support of arguments" (1985). 

This was the case with Edward Tyson's drawings and descriptions of a 
pygmychlmpanzee. done inl699 (Gould 1985). Hiey portrayed the animal with 
an upright posture to enhance its human-like features and to bolster his con- 
tention that chimps filled the gap between apes and humans in the great chain 
of being. 
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To Gould, scientific illustrations are not frill8-''they are foci for modes of 
thought" (1987b). He Illustrates this point with the paleontologist Othniel 
Marsh's chart depicting the evolution of the horse as a ladder proceeding from 
the small eohlppus to the much larger modem horse. This diagram gave the 
impression of an orderly progression through an unbranchlng lineage, while In 
fact the geneology of the horse can be more accurately portrayed as a branching 
bush. There were many lineages that branched from eohlppus and led to evo- 
lutionary dead ends, with onty one leading to the modem horse. 

In a discussion of anatomical drawings, Ludwlg Fleck ( 1979) argues that 
images not only infiuence thought, but also reflect what he calls the "thou^t 
style" of the science of the time. He uses drawings of the rib cage to describe the 
"particular intellectual mood In present-day anatomical illustration." The strip- 
ping of the ribs and the arrangement of the ribs and plexus stress the 
resemblance to a cage. This "underscores the symbolism of a mechanical 
apparatus" and emphasizes the idea that the "skeletal system is regarded as a 
supporting frame." The Illustrations Fleck uses to make his point seem very or- 
dlnaiy to us because we are so immersed In the thought style of our time. We 
are as unaware of it as of the ocean of air that surrounds us. To illustrate a 
different thought style. Fleck uses Vesallus' drawings of skeletons that clearly 
show the rib cage. Rather than portraying the skeleton as a mechanical 
apparatus, these drawings present the skeletons as symbols of death, with one 
showing grief and the other contemplating a death's-head. To us such symbol- 
ism seems out of place in anatomical drawings, but that is precisely because our 
thought style has changed so ladlcalty from Vesalius's time. 

In another analysis of anatomical drawings. Jonathan Miller (1978) 
blames Illustrations for giving "the misleading impression that everything in the 
chest is Immediately distinguishable." In these drawings the aorta is red, the 
veins "sky-blue," the nerves green or yellow and the heart "artificially distin- 
guished from its vessels by abold graphic outline and sometimes a special color." 
Also, the colors are laid out on a digital "all-or-none principle," with no natural 
shading. 

These rather lurid pictures in no way prepare a student for dissection: 

Hic unsuspecting student plunges into the laboratory carcase ejqwcting to 
find these neat arrangements repeated in nature, and the blurred confusion 
which he actually meets often produces a sense of despair. The heart is not 
nearly so clearly dls»fngulshable fkom Its vessels as the textbook implies, and 
at first sight the vessels are practlcaUy indistinguishable from one another. 

Perhaps if we gave a little more thought to what illustrations really portray 
we would be more sensitive to our students' disorientation during dissections. 
Then we could prepare them for the difficulties In extrapolating from pictures to 
real tissue. 

Problems u'lth relating what we see in drawings to what we see In 
specimens should not lead us to condenm the work of illustrators. They have a 
real problem-they must make their work not onty accurate, but underetand- 
able. Amheim (1969) has said that "unless an linage is organized in forms so 
simple and so clearly related to each other that the mind can grasp them. It 
remains an incomprehensible, particular case." In her book Presenting Science 
to the Public, Barbara Gastel (1983) mentions the experience of a scientific 
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Illustrator who realized he did his most effective work when he was rushed, 
because he then left out extraneous details. 

Gastel also dl jcusses how to use illustrations effectively. Hils advice for 
communicating science to a lay audience is relevant to teachers who are in 
essence doing the same thing. As an example, she discusses a presentation on 
coronary arteiy bypass surgery. Illustrations would obviously be useful, but 
only If appropriate. An X-ray is too difficult to Interpret and a drawing from an 
anatomy text is too detailed. A simple line drawing including only the structures 
under discusslon-the coronary arteries-would be most effective. 

Views of the Lab 

1 recently asked my students which of their high school biology lab 
exercises was most memorable. Some were evening students who had finished 
high school some time ago. so the labs they remembered obviously must have 
made a deep Impression on them-for good or ill! 

No one mentioned measuring the rate of photo^thesls or analyzing the 
chemical composition of food. In fact, few mentioned experiments at all. The 
common answer was a dissection: regardless of whether or not they enjoyed it. 
they found it (to be' ^~cmorable. The other conmion reply was microscope work- 
to actually see the unseen, to see things that had been talked about and pictured 
in books, to see that things like blood cells do exist-was memorable to many. 

I am not suggesting that we eliminate experimental labs and merely 
present our students, week after week, with feasts of visually exciting biologi- 
cal specimens, but I do think we should be more conscious of the visual 
excitement that such specimens can generate. The colors seen under the 
microscope, for example, both in live material and In strined and preserved 
specimens, are so rich, so visually pleasing, that we should give our students an 
opportunity to enjoy these experiences. 

Gerald Holton ( 1 965) has written that "there must be time enough to gaze 
at some of the visually fascinating or aesthetically satisfying things of science 
for their own sake." Vobx)x, for example, is a beautiful creature. Of course. It's 
also a good lllustraUon of the beglrmlngs of multlcellularity, but In lab perhaps 
we should dwelljust a little longer on the visual impression it makes. When given 
a chance to see Volvox as an aesthetic object as well as a scientific one. students 
might be more mterested in learning about it. 

E.O. Wilson (1986) says that there is an aspect of beauty found in living 
things that Is absent from art work, namely that a work of art Is beautiful at only 
one visual level. In other words, a painting loses its meaning when viewed under 
microscope. 

In contrast, living things are beautiful at a variety of levels. A leaf, for 
example, is beautiful to the naked eye. That beauty doesn't disappear when the 
same leaf is viewed under a light microscope, and still another exciting 
dimension Is revealed when the leafs cells are examined with an electron 
microscope. He Illustrates his point with beautiful photomicrographs of autumn 
leaves in which: 

we see them in a veiy different way. Hiey have been invaded by millions of 
bacteria and fungi, and these microscopic organisms proliferate Into new 
patterns as rich as the ones on which they feed. 
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But appreciation of such sights requires visual education. As any biology 
lab instructor knows, some students see little through a microscope. Frederick 
Grinnell (1987) says that, at first, even *the average medical student often Is 
unable to distinguish between cells and cell nuclei.** 

One solution to this problem is to force students to take a long and 
concentrated look« or maxxy looks, at a specimen. The "force" here would not be 
in the form of physical torture (thou^ some students view all labs that way) , but 
In making a visual record of whafs seen. John Janovy (1985) says that: 

it 18 perfectly appropriate for a l&b Instructor to ask a student to draw what 
is seen In the diidsecdng pan or through the lenses of a microscope. In a 
complex but tangible worid, understanding often comes from combining 
observation of what Is new with the physical act rf graphic representation. 

In fact, Philip Ritterbush (1968) quotes the botanist Julius von Sachs as 
saying, *'What has not been drawn has not been seen." 

Drawing caimot onty make for more careful observation, it can also make 
students aware of biology's links to other disciplines. A biologist is not a one- 
dimensional being, but one who has a variety of very htiman Interests. In the 
19th and 20th centuries, before photographers and scientific Illustrators took 
over the task of visual expression in biology, many great biologists were 
accomplished artists. In describing the work of the neuroanatomist Santiago 
Ramon y Cajal. Peter Knudtson (1985) says that *by mentally creating a single, 
sharply focused neuron from many microscope views, Cajal the artist commu- 
nicated visions of neurons that no photographer could possibly equal/ These 
drawings were crucial to the acceptance of his work. 

Sometimes, however, the artist can get the better of tlie scientist, as was 
the case with Ernst Haeckel (1904). whose Art Forms in Nature contains 
drawings that are beautiful, "though a bit short on accuracy, since I laeckel often 
added a touch of heightened symmetry for artistic effect- (Gould 1985). 
Haeckers Inaccuracy is a good example to use In cautioning students auout the 
problems of observation. Since, asAinhelmsays. vision Involves Uiinktng as well 
as perception, our preconceptions can distort what we see. For example, the 
19th century blolo^st Chilstlan Ehrenberg was convinced of an ideal unity of 
plan in morphology In which lower animals had all the oiigans of higher animals. 
As a consequence, he misinterpreted intracellular complexity completely and 
thought he saw miniature organs-heart, stomach, etc. -even in protozoa. Rit- 
terbush (1968a) explains how Ehrent ^rg's misconception arose; HThe bodies of 
piotozoa contain inclusions of various kinds Just indistinct enough when seen 
through a microscope to aUow scoi>e to the imagination in their interpretation.- 

New Images 

Today, cells can be seen through a variety of microscopes. While the light 
and electron microscopes are most familiar. NMR imaging of single cells Is now 
possible and a new scarming X-ray microscope has been developed (Robinson 
1987). The pictures produced by these new technologies are computer-gener- 
ated and seem very artificial, but they can reveal structures that are inapparent 
by other methods. For example, the scaimlngX-raymicroscope has revealed the 
internal structure of zymogen granules from pancreatic cells. Using such icnaj^es 



In class Is a good way to Improve students' visual literacy, to make them aware 
of the different ways images are produced and of 'he limitations and distortions 
created by Imaging techniques. 

Computer graphics are also being used effectively to display macromol- 
ecular structure. M. Lemonick (1987) describes computer models of viruses that 
can be manipulated so all sides can be viewed. There a^e also models of 
molecules interacting, such as DNA with a repressor. More than 30 years ago 
Gyorgy Kepes (1956). an artist who was interested in science, wrote rather 
prophetically of new imaging technologies: 

This new range of perception will bring us more than factual Information, it 
will bring us new sensory experiences, enriching our vision . . . helping us to 
dissipate old ways of seeing by lifting the visual barrier between inside and 
outside. 

In this column IVe concentrated on the visual aspects of biology, but 
where does that leave visually-impaired students? Is vision so necessary to this 
science that they are excluded from participation in it? Obviously not. Fortu- 
nately, biology Is. to paraphrase Rltterbush. the most sensuous of the sciences. 
Living things possess an exquisite variety of textures and shapes to be 
experienced tactilely. Also, a great many animals use sound for communication 
and many use odor. So the human ear and nose can be amply gratifled-or 
alarmedl And many biological specimens are rather tasty-1 can remember 
happlfy devouring the specimens used in a botany lab on fruits. So biology can 
be very rewarding, even for those who are deprived of its visual aspect. 

But for the average student, stressing the visual excitement of biological 
material is a terrific way to explore nature. It's probably how most of us became 
interested in science. As children we collected pretty shells, pi ecipltated colorful 
crystals, watched beautiful birds, gathered insects (which ai-e attractive to some 
people). 

No matter at what level we teach, from kindergarten to university. 1 think 
we have to keep reminding ourselves of these childhood attractions. We liked 
science because it was a way for us to explore the beauty we delighted in. For 
many of us. it was an excuse for spending time with such beautiful creatures. 
Why should our students be different from ourselves? 

Unfortunately, in many cases ih^ir attraction to nature is not as well 
developed as our own. It's something we have to cultivate, though it is unlikely 
we will succeed if we merely Inundate them with facts about the organisms we 
cherish. We have to give them a f;hance to experience nature, to appreciate its 
beauty, to love it. to form meaningful images of it in their minds. Only then will 
our teaching become truly meaningful to them. 
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January 1989 



Loving Biology-It's About Time 



It's a good Idea for a teacher to be a student. Of course, all teachers are 
students In the sense that they arc always learning something new about their 
fleld. But I'm referring to being a real student-going to class, taking notes, silting 
at a small desk while someone else stands in front of the blackboard. This is 
probably the best way to improve a teacher's teaching, not because of the subject 
matter presented, but because of the effects of role reversal. 

As you can probably guess. I am still going to school. After years of pro- 
crastination, I'm working toward a Ph.D. in science education. I now think like 
a teacher during the day and like a student in the evening. I complain about "am- 
biguous" questions on exams, take furtive glances at my watch to see how close 
we are to being "released" and wony about how my final grade will be calculated. 

It is amazing how rapid and complete this transformation can be-at 2 p.m. 
I can be firmly stating that an exam will not be postponed; at 5 p.m. I can be 
asking for Just such a postponement from my professor. While I try to look at the 
situation objectively and think as a teacher while I'm a student, it Just doesn't 
work; the *oles are too different. 

Going back to school has also made me more tolerant of my teachers. In 
my college days, sitting in the cafeteria critiquing a professor's dress, speech 
patterns and grasp of the subject was a favorite indoor sport. Now I can 
appreciate what it takes to hold a class's interest for two hours, what ability is 
involved in conducting a lively discussion and how difficult it is to make abstract 
concepts come alive for students. 

I am also more tolerant when things don't go well-when the projector 
doesn't work or when the lecture is tedious. As a bom-agam student. I am fuUy 
aware that tedious classes are unavoidable. Though I'm more than willing to 
blame the professor for being boring. I now have enough perspective to see that, 
just as beauty can be in the eye of the beholder, boringness can be in the mind 
of the listener. We all find some topics more interesting than others. 

This problem points up a basic asymmetry that often exists between 
teacher and student: the teacher loves the subject and the student may not. 
Just as two people who are in love enjoy being together as much as possible, 
teachers love to think about, talk about, teach about their chosen subject. 
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But Just as I can-t understand what my cousin sees In her hushanrt fi 

P""'" «»t warrants attention. TTib 
«n abyss, an alwss so deep It can't 

we snould teach as If that were our goal. We may not be able to lUl the abvM 
butwe may be able to budge it. to allow our students some accSsTo our o^S 

nfro.rt'Ml^i''*'' ""«,^'«ct'<»' is to aUow our love to show through, to not be 
afraid to show our enthusiasm for our subject. I took a course to r^ar,* 

r^t„M''^''''P".?'^T''°'^«'«<''"'^^"~hanicsof^2^TdS^ 
Footnotes were endlessly fascinating to him. He could go on forhoureaboSt 

t^^fn^f I"*"'*™?'* citations. AS far as Ita colice^S, the thtX 
^fd^cit A»*,,',T^Jf /"""If* ""'"^ " a coma. 1 Will ni^r ^Xl^- 
X f ^"'^ '° ""5 «veiy week, and I remember and 

Sd:SsL?ti;sJd'r.i,2;ru,^t?^ou'S' '"'"""^ ^ -""^ 

.eemi?s?rCthrirt:aSr:hr^^^^ 

reticence contributes to students' negaUve atUtude toward setenr, rtinn!^ 
SfsclfnUsranTs^^T''.'^^'^'^^-^*''^^^^ 

^£:^f?r„ireoS--/r^j-r^^^ 

While he doesn t have a great deal of evidence to support his hvootheste i7 u 

!i' '^ir of °onlon o;Iar(?98SraSl « f5 

c^tfnX"lt^'e'?a^e^:r°-'°Sf"'''"'"''™^^^ 
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to the beauty of the Inoiiganlc world. More recently, Alexander Skutch (1985). a 
botanist and naturalist, has tpken a similar view. He sees an aesthetic sense 
existing in animals which allows them to appreciate their own existence and 
their participation in the life of the earth. Humans also have this sense, but in 
a more fully developed form: "We seem made to contemplate beauty: in the natu- 
ral world we see It everywhere, from the creatures that, through a microscope, 
we watch swimming in a drop of water to the most stately trees" (p. 1 40) . He says 
that "we seem to have been created to enjoy beauty" (p. 145). 

Both Wilson (1984) and Skutch (1985) see this Innate aesthetic attraction 
to ni^tural beauty as adaptive: that's why it has become such an integral part of 
human nature. Skutch explains how a sense of beauty could be important to 
animal survival: 



If blue sty and green land were as depressing to an anJnial as certain drab 
colors can be to us. its vital processes and its will to live might be adversely 
affected, so that in the struggle for existence It would be less successful than 
some related animal who. Instead of being depressed was pleasantly excited 
by these colors, (p. 147) 

Wilson calls the "naturalist's trance" adapUve (p. 101). Hie human 
response to snakes-a mixture of horror and fascinatlon-ls an example of this 
type of trance . Tha response reveals "the complexity of our relation to nature and 
the fno^'natlon and beauty inherent in allforms of organisms. Even the deadliest 
and most repugnant creatures bring an endowment of magic to the human 
mind" (p. 84). For early humans a vivid response to nature was Important, he 
says, because 

snakes mattered. The smell of water, the hum of a bee. th*? directional bend 
of a plant stalk mattered . . .The glimpse of one small animal hidden In the 
grass could make the difference between eating and going hungry In the 
evening. And a sweet sense of horror, the shlveiy fascination with monsters 
and creeping forms that so delights us today even In tlie sterile hearts of the 
cities, could see you through to the next morning, (p. loi) 

Other observers do not see the human response to nature's beauty as 
geneUcally determined. They see it as a product of culture. David R Wallace 
(1986) says that because of its partkiular culture. "Japan has perhaps come 
closer than any other naUon to making nature the center of its aesthetic" (p. 79). 
In the United States, however, onfy some forms of natural beauty are appreci- 
ated. In this country. Wallace says, flatlands are not considered beautiful. But 
this prejudice can hardly have a genetic basis since a hundred years ago. before 
urbanizaUon, such a prejudice did not exist. But whUe Skutch and WUson's view 
may be overly idealistic, it seems to be a useful idea for biology teachere to keep 
in mind. Any natural tendency toward a love of nature and nature's beauty 
should be nurtured fully rather than Ignored. WhUe this is hanlly the only 
solution to the problems of biology educaUon. it is definitely an avenue worth 
exploring. 

But love of living things, like any kind of love, cannot be forced. There must 
be time and opportunity for it to develop. The more I think about it. the more I 
realize that, in terms of teaching resources, the one that Is in shortest supply is 
not laboratory equipment or audio-visual materials, but time . I'm reading a book 




by Bob Samples (1976) In which he writes that our culture Is ruled by the concept 
of linear tlrae-tlme cut up into little pieces and apportioned forvarlous acUviUes, 
time as a progression leading somewhere. The opposite view of time-as a cycle, 
as rhythmic and constantly retumlng-ls le is important in our culture. Thus we 
see time as something to spend, to use up. George Lakoff and Mark Johnson 
(1980) argue that the metaphor "time is money" illustrates the value we put on 
time and indteates our attitude toward it. Time is a commodity that shouldn't 
be wasted : we should get the most for our money by packing as much as possible 
into a period of time. 

I live in New York City, the tlme-is-money capital of the world, so this 
observaUon makes sense to me. but Americans in general seem to take this 
approach to time. Atrip to almost any foreign country, however, will show that 
this attitude is far from universal. My parents were from Ireland, and on several 
visits "home" we stayed with relatives who couldn't understand why we were 
rushing around. To them time was cyclical; if the Job wasn't finished today, the 
dawn would be returning soon to signal a new day. If dirmer wasn't ready "on 
time." so what? The hour hand on the clock would return to its upright position 
soon and we'd have a whole new hour to work with. 

But most of us are teaching in a culture with a far less luxurious attitude 
toward time. Yes. lab time will roll around again soon, but another e::ercise is 
scheduled. There is not enough time for the lab to be rerun, rehashed, or 
reconsidered, no matter how valuable the experience might be. Most teachers 
must follow syllabi that are overloaded, to say the least. And if we feel pressed. 
It is inevitable that our students will also feel the pressure. Hiese are hardly ideal 
conditions for the development of a love affair. 

One of my favorite quotes from science education literal are from Arnold 
Arons (1983): 

I think it is essential to back off. to stow up. cover less, and give students a 
chance to follow and absoib the development of a small number of major 
scientific ideas, at a volume and pace that make their knowledge operative 
rather than declarative, (p. 97) 

By declarative knowledge Arons means "knowing facts" while operative 
knowledge invohres "imderstanding the source of such declarative knowledge." 

He arguTS there increasing evidence that our secondary schools and 
colleges are not doing a very good Job of culUvatlng operaUve knowledge" (p. 94). 
-Cultivating" is a good word to use here; it lUustrates my point. Cultivation can 
be defined as the festering of growth-in this case the growth of a love and 
understanding of Uving things. Any cultlvaUon. any growth, is a slow process 
and cannot be rushed. Arons* argument is persuasive, but it has yet to affect 
policy makers who could mandate syllabur changes. 

Students need time. They need time to tnink. to absorb the information we 
pour over them, to develop operative knowledge. They «lso need time in the 
laboratorytosavortHe biological materials they work with. Love is a pleasurable 
experience: it invoh/es enjoyment of the object of love. It is unlikely to develop 
when there Is no time for enjoyment, when students are pressured to do the 
required exercises, record the results and clean up. In the lab, time may not 
literaUy be money, but it is still treated as a commodity in short supply. Love 
Involves an intimacy that is inliibited under such conditions. 
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Yet. such Intimacy Is an essential part of the process of science. If students 
are to havs any feel for science In general, let alone for biology, they should have 
ample opportunities for such experiences because, as Michael Polanyl (1962) 
has said, ''a detached manner of obsenrlng life would dissolve altogether our 
knowledge of life* (p. 373). Robert Root-Bcmstein (1988) agrees: -A scientist is 
wise to know intimately, even to identify with, the things or creatmes he studies'* 
(p. 33). The reward for such internalization is intuition, or what Stephen Jay 
Gould (1987) calls an ^'integrative insight" (p. 165). Jacob Bronowski (1978) has 
said that it is this personal en^^^gement in the object of study that separates the 
scientist from the technician. Devoting several laboratory periods to studying 
the same organism, stressing the need for close observation, or Just giving 
students time to ''get to know" some specimen are all ways to encourage such 
personal engagement. Even if the syllabus doesn't allow for much intimacy with 
the things of nature. Just being aware of the problem should make us more open 
to those opportunities which are available. 

Besides time restraints that inhibit a student's romance with biology, 
textbooks don't 'lelp much either. The writing in most texts is dry. fact-laden and 
unlikely to inspire awe or a love of nature. Although texts have become more 
vlsualfy attractive over the years and diagrams have become more frequent, 
clearer and more illimiinatlng. the written word is still what students must study 
for exams, aud this prose is enough to quench any but the most raging fires of 
Interest. The best writing on living things, the writing most likely to fan the fires 
of ardor for nature, is that done by naturalists. According to David R. Wallace 
(1986). himself a gifted observer of nature, naturalists create -appreciative 
responses to a scientific view of nature" (p. 1 12). He says that naturalists, and 
especially nature writers, are a special breed who can translate Information into 
feelings and visions. His description of *A Dunk in the Eer River is one such 
translation: 

Being attacked by a school of minnows is a curious experience. It tickles, 
which can be enjoyable or annoying according to one's mood. Like all expert 
ticklers, minnows go for the toes, although 1 don't suppose they intend to 
inflict torment; and they nibble at other exposed parts of the body as well. The 
bites of even the largest-three or four inches long-<lon't even begin to break 
the skin. Apparently, what the minnows are after is the film of dead cells that 
constantly sloughs off the human epidermic, (p. 59) 

Wallace's combination of vivid imagery and information makes the reader 
want to experience nature In a personal way. It emphasizes the affinity with 
other living things that Wilson and Skutch stress. But such acute observation 
requires time. Someone taking a quick dip in the Eel River would never have an 
experience like the one Wallace describes. You have to be willing to lazily float 
around for awhile, to let nature happen to you. rather than to try to go after 
nature. And then you have to take the time to translate that experience Into 
words. According to Bob Samples ( 1976) . poetry comes from the part of the mind 
that sees time as rhythmic and cyclical, not the part-so well-developed in our 
culture-4.hat looks at time as linear. Poetry, beautiful imagery, caimot be 
rushed. 

And so we are back to the issue of time. Perhaps it is not a coincidence that 
the naturalists who have made the most careful observations and who have 
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gtven us the most luminous accounts of those observations are people who could 
see time as rhythmic rather than linear, who were not concerned with the 
constant Ucklng of the clock. They were willing to make the necessaiy sacrifices 
for love, perhaps because their love of nature was so deep.Hiey were willing to 
go against the tide of culture and view time as something to be experienced 
rather than spent. In the Outermost House, Heniy Beston (1928) chronicled a 
year spent in a bungalow on a Cape Cod beach. Using telling Imagery, he 
provides a great deal of infonnaUon on flora, fauna and weather condlUons. as 
well as vtvld impressions of his experiences with nature. Btston devoted a year 
to this project. He took time off from his Job In N v York as a magazine editor 
and spent it In the presence of nature, the object of his love. Hioreau (1966) 
Isolated hlmselfatWalden Pond. andGllbert White (1949). one oftheflret nature 
writers, settled at Selboume and led a quiet life observing nature. 

In an introduction to White's TheNaturcd History ofSelbome, RM. Lockley 
(1949) says that White "seems to find beauty everywhere, but especially in those 
objects nearest to him. He loved the Sussex Downs. He thought he saw new 
beauUes every time he traversed them. These downs and the neighboring forest 
wastes were the limit of his wanderings." He did not need more to satisfy his love 
of nature. Present-day naturalists may be principally writers, lllce Wallace 
(1986). or researchers, like Bemd Helnrtch (1984) and Jane Goodall (1971). but 
they, and many others, have all made love of nature their life's work. They have 
structured their work so they can spend many hours In the field, oftentimes 
alone, observing the organisms they are studying. 

Nlko Tlnbergen ( 1958) says that he finds "studying Ore behavior of animals 
in their natural surroundings fascinating. It allows one to live out of doors and 
in beautiful scenery; it gives fret scope to one's urge to observe and to reflect 
and it leads to discoveries . . . (wluchj cause intense delight" (p. 285); "Free scope" 
means that there is ample time to observe animals at their own pace. There is 
also time "to reflect." to allow the mind to work on what is observed. Thus, hnear 
time loses its meaning. Human time Is replaced by the more cyclical animal time. 

Such a change in time perception allows an opportunity for the "intense 
delight" of discovery. June Goodlleld (1981) likens such a moment of discovery 
to the moment of fulfllhnent In a human relationship: it is a moment of tove In 
fact. Michael Polanyl (1962) argues that at all levels of biological InvestlgaUon 
researchers are sustained in their work by a kxve for the organisms they are 
studying. ' 

Whteh brings us back to biophilla. Wilson (1984) contends that "to the 
extent that each person can feel like a naturalist, the old excitement of the 
untrammeled world will be regained" (p. 139). He sees the widespread develop- 
ment of such feeling as the starting point for a deep conservation ethic: appre- 
ciation will lead to concern. If people were given the opportunlty-and time-to 
exptore the "mysterious and litUe known organisms whkih live within walking 
distance of where you sit" (p. 139). their Innate reverence for life would develop 
Into a feeling of stewardship for iMng things. 

Such a desire to "aflUlate with other organisms" will lead to a desire to know 
more about them, and "as blotoglcal knowledge grows the ethic will shift 
fundamentally so that everywhere, for reasons that have to do with the very fiber 
of the brain, the fauna and flora of a country will be thought part of the national 
heritage- (p. 154). Skutch (1985) argues that if we followed our Innate tenden- 
cies, we would view the earth not as a farm to be exploited but as a garden "that 
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Is cherished, not because it yields food or wealth, but because it uplifts the spirit 
with its loveliness" (p. 25). 

Wilson and Skutch are obviously idealistic, but there Is no better place to 
try out these ideas than in a biology course. Last spring. I told my class to observe 
the changes in nature at that time of year and write an essay about them. Some 
of the essays were beautiful. In one. a student described spending time watching 
a spider build a web at the bottom of a flower pot. She became fascinated with 
this creature as she took time to observe Its work, to be with this organism. I'm 
not sure that such an experience will make her a conservationist, but I do think 
it made her a Uttle more sensitive to the orgs nlsms she could nnd "within walking 
distance." I think it made her feel a lltUe more positive about biology. Perhaps 
she could appreciate a bit more why I love the subject. 
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Human Biology* 



IVe been putting off writing this column for several months. I didn't want 
to work on it because I knew it would be difficult to write, and because I'm not 
sure it's appropriate to a department called "Biology Today." Yet I felt a need to 
do it. The topic I want to discuss Is the biology teacher as human being. This 
seems too obvious a matter to even mention, but that's Just the point: we often 
take for granted the fact that both we and our students are human beings 
invohred in a human relaUonship. More attention to this relationship might 
make the learning experience more rewarding for us all. 

One reason for the inclination to Ignore the more human aspects of our 
endeavor is that those invohred in science tend to be more personally detached 
and withdrawn than those in other fields. Anne Roe (1952) noted this in her 
study on the psychology of scientists. She found physicists and biologists tended 
to be "quite shy." Many were uneasy about personal relationships and were apt 
to keep their distance from others. This Inclination was deep-seated: "Ft' .m e&f^y 
on. they found their satisfactions and Interests away from personal relation- 
ships." Many biologists spoke of an early interest in nature-in birds, insects and 
butterflles-and of their enjoyment of solitaiy study of these organisms. Of 
course, there are excepUons. Some biologists are the most gregarious of human 
beings, but on the whole they tend to be withdrawn, and this tendency extends 
to many biolog*' teachers as well. In many cases, biology teachers are biologists 
who teach, anu they fit the biologist's personality profile. 

This presents a problem because teaching is the most social of endeavors. 
Most of teachers' days are spent with a great numb'-- of other human beings, 
invohred In a very human undertaking. Humans are thinking animals: many 
observers consider thought our "highest" function. In teaching, this function 
should, ideally, be used to the utmost degree. Good teaching requires constant, 
exhausting thought, and it Is ineffective if it doesn't require such acUvlty from 
students as well. But according to many philosophers and psychologists. 



'Recipient of the 1990 Washington Ekiucatlon Press Association's Excellence in Print 
Award for a column. 



Iff; ^ 



thought is not divorced from the emotions. Learning Involves feeling as well as 
reasoning. Michael Polanyl (1962) says that there Is a passionate quality to 
learning. And Rudolf Arnheim (1969) contends that ideas tend to remain 
associated in our minds with tlie emotions tliat were aroused at the time the 
ideas were learned. 

If this is so. then biology teachers are in a difflcult position. The emotions 
must be taken into consideration in teaching, yet dealing with emotions doesn't 
come easily to many biology teachers. This is the dilemma I Hnd myself grappling 
with. As a human being. I don't feel comfortable ignoring the human element in 
biology teaching, but I don't feel completely comfortable dealing with it either. 
This becomes a particular problem in teaching human biology. EJveryone in the 
classroom has years of experience dealing with their own human bodies, both 
physically and emotionally. Here, our own experiences are inextricably linked 
to the subject matter, especially in teaching health-related topics. 

Last summer I was. as usual, teaching Topics In Health." As usual, we 
covered nutrition, exercise, heart disease and Infectious disease; then we got to 
cancer. I have taught this section many times, though never In the same way 
twice. There are always new discoveries about therapy and about oncogenes, so 
I always have to revise the material. But this time the human element of the topic 
had also changed. In March, my mother had died of colon cancer. Though other 
members of my family had died of cancer, it had never hit so close to home. 



. . . there are more and more cases where cancer is not 
fatal wfiere a cure is possible or where treatment, while it 
cannot cure, con greatly prolong life. Our society's attitude 
toward cancer creates tremendous burdens for people with 
it . . . 



Frankly. Vm better at dealing with atheroscleroslsl As an Irish-American, 
I come from a culture where the major component of the diet is saturated fat- 
butter on bread and potatoes, gravy on meat, beef at least three times a week. 
It is not surprising, therefore, that my grandmother died of a stroke, my uncle 
of a heart attack. By the time I was 14. not only had these loved ones passed on. 
but my father had had his first heart attack. So from an early age ath otosclerosis 
was almost second nature to me. but cancer wasn't. Mentally. I was better able 
to deal with sudden death than with expected death. 

In fact. I fully expected my mother to die of atherosclerosis, too. Over a 
period of IG years, she had had several strokes that had impaired her mental 
capacities more than her physical ones. One of these XVAs" seemed to have 
destroyed the nasty part of her braint Tliough she had been a stubborn Irish 
woman who made perfectly clear what she thought of her daughters, their 
activities and their husbands, she became a sweet little old lady. But with her 
continued mental deterioration, and after two broken hips, she was cared for in 
a nursing home. I expected, and dreaded, the day when I would visit her and she 
would no longer recognize me. But it never came to that. She was diagnosed as 
having cancer, and though extensive testing showed no spread, an operation 
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revealed uncontroUable metastases. She died a few weeks later, recogiilzlnij her 
children almost to the last moment. 

After this experience, teaching about cancer took on a new dimension a 
personal dimension. It was no longer a topic of purely academic interest, yet I 
tried to handle it that way. Wc discussed causes of cancer, characteristics of 
cancer ceUs, types of cancer, but it Just wasnt right. Hie presentation kept 
sucking; the image of my mother kept coming to mind. Finally. I had to say 
something. At the beginning of the next class. I apologized for my less-than- 
brllliant perfomiance the day before. I explained simply that my mother had 
recently died of cancer. Such exposure to my private life made me uncomfort- 
able, but it was worth it. The problem was no longer silently nagging at me- it 
was out In the open. Uter, when we discussed diagnostic techniques I ex- 
pre^ed my frustraUon that the most up-to-date of scanners, the best testing 
methods, fa^ed to detect the extent of my mother's cancer. At this point, the 
personal and the factual blended beautifully, at least as far as this topic was 
concerned. I no longer felt a conflict between my intcUect and my emotions 
between the "cognlUve" and "affective" aspects of the subject. 

I think putting myself out on an emotional limb like this is an important 
though dimcult . thing to do. It is almost a truism that people are more Interested 
In what affects them directly. The human aspect of any subject makes that 
subject come alive. My husband read me a staUsUc last night: 64 percent of 
household fires in the Soviet Union are caused by faulty TV sets That tells the 
average American student more about the quality of Soviet consumer products 
than an hour's lecture on factory management and piDducUon techniques. Tht 
same principle applies in biology and in human biology; the teacher as human 
being is a rich source of stories that can make blology-and the teacher-«cem 
more human and Interesting. 

I am certainly not advocating a dally gabfest in which the teacher recounts 
the minutiae of her or his life. Such stories are like strong spices; they must be 
used sparingly to be most effective. Also, they don't have to be as emoUonally 
demanding and depressing as the one IVe Just mentioned. My best stories bA 
r?^\ I ^"""^ ^ comes acn>ss as the Grade Allen 

of Waterbury Connectteut. Her faddish interest in vitamins helps me make a 
point about the need for moderaUon and balance in vitamin use. Her efforts to 
lose weight using starch blockers. Uquid diets, kelp tablets, etc. are useful in a 
discussion of how not to diet. And when it comes to talking about the skeletal 
system. I d be lost without her! Her Jawbone dislocates easily, and students love 
the story about the night she was very tired, yawned very wide and got her Jaw 
stuck in that poslUon. Her adventures in Uie cmeigcncy room are not only 
amusing; they illustrate both the need for medical expertise in de<»ling with a 
dislocauon and the problem of getting ligaments back into shape alter such an 
episode. 

My sister's most dramatic excursion into the world of orthopedics began 
with a tumble down her basement stairs. She ended up with a compound 
fracture oi the lower end of her right femur. Students love the gorlness of a 
compound fracture (a picture of such a break is the only thing I remember from 
dementary school science), and giving it a personal perspective makes it even 
more interesting to them. It is not Just a fracture, it is somebody's fracture. But 

r n ^« Vi^^i ^i?^ ^^""7' « ^'^^^"P s^^Ject of bone healing, and the need 
lor pins (13 in this case) and other devices to hold the bone fragments together 
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and the problem of bone infections which can arise when bone pierces the skin. 
It can also lead to a discussion of the need for calcium and vitamin D in the diet, 
and of what these nutrients can and cannot do In preventing osteoporosis. A 
fracture that involves a Jolnt-in this case the knee-can also lead to a discussion 
of arthritis, of how injuries can hasten Joint deterioration, So you can see, Tm 
reaity luchy to have my sister: she*s better than a textbook- case, 

But I don*t have to rely solely on her for illustrations. Her daughter*s 
prematurely closing soft spot in tht skull points up the extent of brain growth 
after birth and the need to allow space for that growth. On my husband's side 
of the family* my thrifty brother-in-law buys eveiythlng by the case and what is 
bought must be used, even if the product proves unsatisfactory. His case of 
contraceptive foam-and his three children-illustrate the efficacy of this method 
of birth control. 



Revelationofthepersonal by ateacherisatricky business. 
It can easily be canled too far. 



On a more serious note, father-in-law serves as an example of someone 
who has been cured of cancer. I use his history to illustrate the very important 
point that cancer is not one disease, that when dlfTerent cell types become 
abnormal they do not all behave in the same way. Evtn cells of the same type 
can behave dlfTerently because* as current research shows, there can be 
dlHerent types of changes in the cells*^ DNA. Added to this variability are 
dllTerences In the extent of the disease at the time of diagnosis. 

With such diversity, ifs not surprising that there are vast diflferences in the 
outcomes of cancers. Yet, we don't perceive cancer that way. Most of us 
automatically equate cancer with death. This idea is Ingrained in us; it is part 
of our culture. In lUness as Metaphor, Susan Sontag (1978) has written of the 
language we use to talk about cancer. She says this language is metaphorical 
and that the controlling metaphors in descriptions of cancers are, in fact, drawn 
. . . from the language of warfare: every physician and every attentive patient is 
familiar with, if perhaps Inured to, this military termlnology.-Thus, cancer cells 
do not simply multiply; they are "invasive.- These "aggressive* cells must be 
stopped, and treatment Involves "bombarding- the cells with "lethal* radiation. 

Such language indicates a deep-seated fear of cancer. As Sontag says, 
"^cancer was never viewed other than as a scourge; it was, metaphorically, the 
barbarian within.* Such fear is difficult to allay; it Involves feelings that are often 
much stronger than rational thought. For years IVe been discussing this 
problem in health classes. I make the point that cancer Is not one disease, that 
different cancers have very different prognoses, that early detection and better 
treatment methods have rendered invalid the equation of cancer with death. 

Here I am not speaking so much as a biologist, but as a human being whose 
background in biology has made her aware of the problems of our approach to 
cancer. I feel strongly about this because there are more and more cases where 
cancer Is not fatal, where a cure is possible or where treatment, while it carmot 
cure, can greatly prolong life. Our society's attitude toward cancer creates 
tremendous burdens for people with it, people like my father-in-law. Because 




cancer Is seen as fatal, they have difllculty getting Jobs, mortgages, leases- 
anything Involving a long-term commitment. People Just assume they will not 
be around to fulfill those commitments* 

There is also another, and I think more serious, problem. Growing 
evidence indicates that mental attitude caii influence the course of cancer: a 
strong will to live makes successful treatment more likely than does an attitude 
of passive acceptance. More and more links are being found between the im- 
mune and nenrous systems, and such links could explain how mental attitude, 
by affecting immune-system functioning, could affect the body's own ability to 
control the cancer cells. If this is the case, then our culture is militating 
against these nattiral defenses. It is veiy difficult to have a positive attitude 
when all your loved ones are sitting around crying and wondering how they will 
manage without you. 

Usually when I make this point in class, it elicits many responses from 
students; they are involved in this problem as him:ian beings. Some argue that 
cancer has to be viewed as a fatal disease: their aunt, grandfather, ormotherhas 
succumbed to it. Others, however, disagree: they have loved ones who have 
survived cancer. But when the discussion is ever, Fm afraid IVe done little to 
change their attitude toward cancer- the fear isjust too deeply emt>edded in their 
psyches. In fact, I end my discussion by illustrating this point with another 
family story, this one about myself. At a routine checkup a couple of years ago 
the doctor found a lump in my breast. I was surprised and scared. I had plarmed 
to go clothes shopping with a friend the next day, but I thought to myself, •Why 
bother? Fm not going to be around to wear these clothes." No sooner had this 
thought gone through my mind than I stopped nqrself and said, ^Tfou Jerk. This 
isjust the attitude youVe been fighting against in class all these years." Obvi- 
ously either my powers of persuasion are very poor, or I am up against the 
terribly powerful deep-seated ideas of our culture. 

Revelation of the personal by a teacher is a triclqr business. It can easily 
be carried too far. While I let rr^ students know some things about my personsd 
life, such discussions hardly take up a whole class period. They are usually short 
allusions used to make a point about the topic under consideration: an example 
that becomes too extensive takes on a life cdf its own and is no longer effective in 
illustrating the point. When talking about others, I only use examples that would 
not be embarrassing to them. My sister loves being talked about; she even tried 
to get her orthopedist to give me X-*rays of her fi*acture. Some people remain 
anonymous in my stories, and I never talk about my husband. He works in the 
same college, so we have some students in common, and I want to pix)tect his 
privacy. This doesn*t mean there's no interclass conmiunlcation. Rl^t now the 
students are arguing over which one of us is funnier (I*m not sure winning this 
contest reflects well on teaching biology!). 

Being human in the biology classroom is a two-way street: it applies to 
students as well as to teachers. This seems an obvious point; we do try to treat 
ou r students as individuals, to get to know them as more than names on a roster. 
But the student-teacher relationship deserves closer examination. I have often 
been tempted to write a colunm entitled The Biology Teacher as Stepparent.*" 
As a member of both species, I can see that they have much in common. Being 
a stepparent involves the most ambiguous of relationships. I am called a mother, 
but with a qualification to remind me of the peculiarity of my position. My 
stepsons have a mother, so I can hardly replace her, yet when they live with us 
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I play the role of mother-cooking their meals, yelling at them to clean up their 
things, listening to their problems. After eight years of such a relationship iVe 
learned that while I can develop a closeness with my stepsons, there is certain 
terrltoiy where I cannot tread, that is offUmits to anyone who hasn't shared In 
their nurturing from birth. 

While a biology teacher Isn't expected, or encouraged, to develop a 
relationship with a student comparable to that of a stepparent, there are 
parallels. Students often crave a relationship to compensate for deficiencies in 
their home life. I think science teachers are more likely than others to be sought 
out In this regard because of what I call the "kitchen phenomenon." Several 
years ago Mlmi Sheraton, who was then a food editor for The New York Times, 
wrote an article about the benefits of working In the kitchen with children. It 
came out at the time I was trying to grapple with the complexities of steppar- 
entlng. so it made a particular impression on me. though I cant remember the 
date of the article. Sheraton's main point was that you can become particularly 
close to chUdren In the kitchen. You are both engaged In a mutually satisfying 
task-children may not lave to cook, but they definitely love to eat. A child can 
experience a feeling of accomplishment by preparing food, so they can feel good 
about themselves in this setting. And the point that struck me most stix)ngly is 
that, since you are both working while talking, you don't have to look at each 
other. If something awkward comes up. If the child wants to dlscusi5 a dlfilcult 
matter-or you do-it's much easier If you don't have to make eye contact. 

All these characteristics of kitchen work also apply to lab work, especially 
in preparing for a lab or cleaning up afterward. There will usually be a student 
or two who likes to help, and often these are the students we get closest to Hiey 
are engaged with us in a mutuaUy satisfying task from which they can 
experience a feeling of accomplishment, and they can talk more freely because 
they're not facing us directly. Even during a regular lab period we can get to know 
students, see sides of them that aren't apparent In a conventional classroom In 
the lab we experience each other during physical as well as mental work. This 
is an experience which is really not open to hlstoiy. English, or social stiadies 
teachers. Mind and body are more totally Involved, so it s not surprising that this 
makes biology a more personal experience. 

This may not be the way we usually look at lab work. We see It primarily 
as a way to teach students about the workings of biology, as a way to teach 
process skills and to allow students to experience living material firstiiand 
WhUe this is all true, the lab also has another dimension, ft is a place where 
teacher and student can be more human, can reveal more facets of their 
personalities. This aspect of lab work deserves furUier attention. A great deal of 
educational research shows that science teaching In general neglects the 
affective domain. There is UtUe concern for tiie attitudes toward the subject that 
students are developing in our classes. Perhaps tiiat's why so many of our 
students leave us wltii negative attitudes toward science. The lab seems to be 
a good place to begin to correct this problem because here we can Interact with 
students more closely; we have more one-to-one contact with them. 

Besides lab work, there is still another aspect of being a biology teachfi/ 
stepparent. In teaching about human biology, and especially in teaching a 
health course, we touch upon topics Uiat wiU often stilke chords wiUi our 
students. After all. they all have bodies and often they are concerned about tiiem 
in ways that are difllcult to discuss with parents. Sometimes it's the parents' 
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health they are concerned about-a mother with cancer, a father with heart 
disease, but more often it's questions about contraception, pregnancy, or drugs. 
At times the concerns are more exotic. If students ask questions about perni- 
cious anemia. Grave's disease, or melanoma-when their concerns are so 
specifk-it usually means that they or family members have had experience with 
the disease. For me. such questions involve one of the trickiest problems for the 
teacher/stepparent. I try to answer questions thoroughly and correctly, but I 
don't think it's my place to give too much information. It is rather, to guide them 
to the proper sources. I am not a doctor. As I remind my students, it is illegal for 
me to practice medicine without a license. My knowledge of something like 
Grave's disease is very limited. I know it's an autoimmune disease resulting in 
hyperthyroidism. But that's about it. When a student's father has the disease, 
that student-but no one else in the class-wants more information. I try to find 
out what I can, but I'm careful to give only a general description. I am not a 
parent , therefore I don't want to give more information than the parent may want 
the student to have. Also, as in my role of at-home stepparent, there are 
emotional boundaries I catmot cross, and these are obviously much more 
confining in the student/teacher relationship. I can listen, I may even be able 
to say something that will help, but being a "human" biotogy teacher does not 
mean being intimately involved in students' personal lives. It does, however, 
mean being aware that the personal Ufe-of both the teacher and the student- 
cannot, and should not, be totally divorced from classroom life. 
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^elling About the Lure of Science 



ERIC 



Two Nobel Prize winners have gl'ren mc much food for thotight recently. It 
Is not onty Jielr research, but their d' iscrlptlons of why they do research that I 
find Interesting. They have both written beautiful pieces about what attracts 
them to their work, about why they do science. Arthur Romberg ( 1989), a Nobel 
laureate In physiology and medicine, has done this in his scientific memoir. For 
the Love of Enzymes, and the Nobellst in chemistry Ronald Hoffmann in a series 
of articles on molecular beauty. They have both fulfilled what Hoffmann sees as 
an essential obligation of scientists: 

We have to tell people (not the icast amonC tl:em being our parents and 
spouses) what it is that lures us back to work nights and Sundays, why it's 
thrilling to open a new issue of the Joumcd oj the Americcai Chemkxd Society. 

Molecular Beauty 

Hoffmann's quote is from a 1987 article; it seems to have haunted him and 
precipitated the 1988-1989 series of pieces on "Molecular Beauty." In the first 
of these ( 1988a) , he describes the conversation that prompted him to write them. 
It happened while HcfTmann was working on a manuscript during a plane trip 
with his wife. When she asked what the manuscript was about, he replied, "A 
beautiful molecule." She then wanted to kno^ir, "What is it that makes some 
molecules beautiful to you?" To answer her, Hof&nann decided to practice what 
he had preached in 1987, to explain the "lure" of this and other molecules. He 
refused to accept the idea that only chemists can appreciate the beauty of 
chemistry, that "outsiders are excluded." 

The substance that spurred this work is an inorganic compound, 
NaNbgOg. Hoflmann admits its beauty might not be readily apparent, then 
patiently describes the crystal's layered structure, the entrapment of niobium 
(Mb) atoms in octahedra of oxygen atoms and the Interplay of symmetry and 
asymmetry which gives this compound its appeal. 

Like an art critic analyzing a painting, he moves step by step, describing 
each facet of this compound's rather complex structure. His writing is patient; 
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he doesn't tiy to huny the reader along. Hoffmann reaUy Is explaining this 
molecule to his wife or to anyone unfamiliar with chemical bonds and three- 
dimensional chemical structures. He ends, as any good critic would, by coming 
back to the whole picture and explaining that this molecule's: 

beauty Is In Its structure, which is at once symmetrical and unsymmotrical. 
Hie beauty is In the Incredible Interplay of dimensionality. Hilnk of it: two- 
dimensional slabs are assembled bom Infinite one-dlmenslonal chains of 
edge-sharing octahedra around niobiums, which In turn share vertices. 
These two-dimensional slabs interlink to the full three-dimensional needles 
of niobium and sodium. 

"^'^ ^^"^^'^^ analysis In each of his articles. In the second 
(1988b). he discusses a molecule that seems to be "plain." He refuses to call it 
-ugly." Describing himself as a "most prejudiced chemist." he claims that "there 
are no ugly molecules." The molecule in question is an intermediate In the 
synthesis of a catenane. two interlocking rings of carbon atoms in which the 
rings are not chemically combined, but are held together like the links of a chain. 
Here the beauty is not the "static" kind of NaNb,0«. but that of dynamism, move- 
ment, change. Making such a molecule Is difficult and its "beautifully conceived 
synthesis" requires several steps. 

"^J!"^? ?^ synthesis is "elegant." Hoffinann sees the molecule in 
the middle of the scheme-the one he cites at the beginning of the article-as most 
beautiful because it is most compUcated relative to the starting materials and 
the goal, the molecule "most disguised, yet the one bearing in it. obvious to its 
concelver but to few others, the surprise, the essence of what is to come." 

Beautiful Pasta 

The excitement Hoffmann feels for chemical synthesis comes Lhrough 
clearly here He is Indeed describing what lures him to the lab . why he can't wait 
to read the latest chemical Journals. 

In his third article (1989a). he continues to share with the unanolnted his 
fascination with chemistry. This time his subject, at first glance, "looks like a 
clump of pasta congealed from primordial soup." This rather unappealing 
descripUon turns out to be about hemogloblnl Hoffmann ffnds Its attraction in 
Its richness, its intricacy and in the fact that its "bizarre sculpted folding has 
^ ^IJ'^l?-/*^?'^^ reversible binding of oxygen." In the process, as 

oxygen binds to the Iron at the center of the heme group, the lrt)n atom, the heme 
and the protelri aU shift position sllghUy. allowing for easier binding of the next 
oxygeri molecule. This carefully orchestrated dynamism is "dazzling" and stems 
from the "enabling complexity . . . of every bend. fold, or twist." 

Hoffmann thus makes clear to a nonsclentist why this "pasta" of a 
fi?" ^ description sheds new light for even a biologist 

familiar with hemoglobin. One's appreciation is deepened as it is for a famUlar 
art masterpiece when analyzed by a perceptive critic. 

By the time Hof&nann's fourth article ( 1 989b) appeared. I was ready for his 
series to go on indeftnitely. After aU. there are more than 7 million known 
chemicals, so he couldn't possibly run out of material. And In this installment, 
he tackles a totally different class of molecules: metal carbonyl clusters. In these 
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molecules, carbon, which 'always" forms four bonds, instead forms six. Here, 
the attraction is novelty, surprise, even: 



shock-the lull impact of which should hit every maker of cart)on compounds. 
It makes these caibonyl dusters . . . beautiful. They are new. interesting, and 
lovely. 

The appeal comes from the fact that scientists "are addicted to new knowledge." 
The Aesthetic of Chemistry 

Just when Hoflmann has whetted the appeUte for still more molecular 
beauty, he writes. "Perhaps it's time to stop here and take a dififerent tack." He 
ends by summarizing his aesthetic of chemistry ard comparing it with philoso- 
phers' descriptions of the aesthetic of art. He agrees with Monroe Beardsley 
(1981) that Intensity is an aesthetic quality. Some molecules seem to possess 
a large number of Interesting attributes, and this makes them especially 
attractive. He gives as an example an organometallic molecule: 

In which one and the same ttmgsten atom forms a single timgsten-caibon 
bond, a double one. and a triple one. And two bonds to phosphorus, for good 
measure. 

Hofiman also agrees with the aesthetic philosophy of Nelson Goodman (1968). 
who sees both science and art as cognitive processes. Hof&nann notes that: 

we/eet that these molecules are beautiful, that they express essences. We 
feel it emotionally, let no one doubt that. But the main predisposition that 
allows the emotlon^ere psychological satisfaction-to act is one of knowing, 
of seeing relationships. 

What Hof&nann has done is to let the nonchemist in on this knowledge, to 
point out relationships between symmetry and asymmetry, between structure 
and function, between old ideas and new ones. He has done this patiently, giving 
suiricient background explanations so we know enough to appreciate the 
beauty. June Goodfield ( 198 1) has said that science is like modem music Oi art: 
Its beauty is not obvious: a perceptive critic is needed to guide one to under- 
standing and hence to appreciation. Hoffmaim is one such guide, and he pro- 
vides more than a lesson in the beauty of chemistry. His is also a lesson In good 
teaching. He makes his points clearly, using many Illustrations. He guides the 
reader through unfamiliar territory by starting with basics and carefully 
Introducing all the necessary points In his argument. Teachers can learn much 
from his approach. He has the patience most of us lack; he seems to always 
remember his purpose-to reveal the beauty in his subject-and does nothing to 
make the reader bridle and give up because the explanation becomes too com- 
plex or the aigument too tui^gid. 

It might seem odd that in a Journal devoted to biology teaching I've spent 
so much time discussing the writings of a chemist. But I've done so for two 
reasons. First. Hoflmann's explanations of molecular beauty are relevant to 
biology teachers because most introductory biology texts begin with a dlscus- 
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sion of the molecular basis of life. If we could incorporate his approach into our 
lessons we might make this topic, one of the most dlfllcult, more interesting to 
students. It might also give them a better understanding of molecular dynamics 
and of the importance of the molecular level to the higher levels of biological 
organization. 

Loving Enzymes 

The other reason for discussing Hofimann is that I love molecules! I am a 
biochemist at heart. While the intricacies of ecosystems fascinate me and the 
adaptations of organisms astound me, it is with the molecular level of biological 
organization that I feel most comfortable. Among molecules, my favorites are the 
enzymes, and that's why the work of the other Nobellst I mentioned, Arthur 
Komberg, interests me so much. 

Komberg has spent most of his scientific career studying enzymes-more 
than 30 of them-and while Hofl&nann considers no molecule "ugly," Komberg 
claims he has: 

never met a dull enzyme. From the humble hydrolase that uses a molecule 
of water to split NAD to the glamorous polymerase that assembles vast DNA 
chains of genes and chromosomes, the feats of enqones are all awesome. 

A statement like this would definitely predispose me to like his memoirs. For the 
Love of Enzymes, but, in fact. I bought the book solely on the basis of its title- 
it had to be goodi 

But even less prejudiced readers than myself have found the book 
fascinating (Racker 1989). Why this is the case is not readify apparent. Komberg 
simply seems to be describing his research, telling about the twists and tums 
it took over the years from his early work on vitamins to his present interest in 
viral replication systems. He does not reveal much personal background in the 
process. He wants to tell the stoxy of his science rather than that of his life: 

1 wished to use the chronology of my career only to organize the narrative and 
introduce personal elements where they might leaven and humanize the 
science. 

And they do Just that. They are what make this book so rewarding. They 
make it the most personal of books because through them Komberg reveals why 
he loves his work He does what many scientists are loathe to do. he tells what 
attracts him as a human being, as well as a scientist, to the study of science and 
to the study of enzymes in parUcular. Early in the book he says that, after several 
years of work in nutrition, he found enzymology "intoxicating.- because "the mo- 
mentum of experimental work was breathtaking." Instead of waiting days or 
weeks for the results of dietary assays, enzyme assays could be completed in 
minutes, so "many ideas could be tested and discarded in the course of a day." 
Komberg is a man in a hurry. He even admits to being impatient. When a 
research assistant broke a tube of sample and said it didn't matter because he 
had more, Kombeiig replied that "the hour lost can never be recovered." 



The KeuHirds qfEmymoiogy 

But it Isn'tjust the pace of enzyme research thatattracts Romberg; he says 

that: 

purifying an eniyme Is rewarding all the way, from flrot starting to free it from 
the mob of proteins In a broken cell to havUig it finally In splendid IsolaUon. 

Enzymes have a level of complexity that "suits" him. He feels "ill at ease grappling 
with the operations of a cell, let abne those of a multicellular creature." He also 
feels "inadequate" In studying the chemistry of small molecules. For him, 
"becoming familiar with the personality of an enzyme performing in a major 
synthetic pathway is Just right." 

His language is very revealing. Romberg thinks of enzymes as having 
"personality": to study one , he must separate it from the "mob" of proteins in the 
cell. He describes one of the enzymes he discovered as being more "novel and 
glamorous" than another. As far as enzymes are concerned, he admits to feeling 
"like a parent concerned for a child's whereabouts and safety." He can't leave the 
lab at night without knowing In what state of purification the enzyme has been 
left. 

This anthropomorphic language reveals Romberg's level of intimacy with 
his objects of study. In a sense, they have become part of him. This is not an 
uncommon experience for a scientist, or indeed for those who enjoy their work 
and the things they work with . What makes Romberg unusual is how articulate 
he is about his feelings. He does precisely what Hoffmann prescribes: he tells us 
what lures him back to the lab at night. Tt is veiy refreshing to read a scientific 
memoir with statements like "Holy Toledo! This fraction had the bulk of the 
enzyme activity," or "Wow! The reaction was explosive, hundreds of times greater 
than before. The radioactivity counter went wild-one of those rare moments in 
a scientific lifetime." These are very simple, direct statements, yet they clearly 
convey that science can be a great source of Joy. 

Hunters in Medical Science 

But this volimie is more than a compilation of personal comments. These 
are, as Romberg promises, the "leaven" for the science which fills the book. He 
not only describes his research, parUcularly the work with DMA polymerase 
which won him the Nobel Prize, but also historical background which puts his 
work in perspective. Rombei^g sees 20th century medical science as a series of 
hunting expeditions. He takes his cue from Paul de Rrulf s classic history oi 
bacteriology. The Microbe Hunters. These researchers dominated the field in the 
first two decades of the century and were followed by the "vitamin hunters." In 
the 1950s, it was the "enzyme hunters" who were at the fore, and they have been 
superceded more recently by the "gene hunters." 

Though Romberg would, of course, identify himself as an enzyme hunter, 
he could be considered a member of all these groups. His first research was on 
vitamins, partlcularfy folic acid. It was the role of many vitamins as coenzymes 
that led him to enzymology. He studied the synthesis of NADP (nicotinamide 
adenine dinucleotide phosphate), which contains the vitamin niacin as well as 
most of an ATP molecule. His work with ATP led him to the study of nucleotide 
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synthesis. Since others were pursuing purine-adenine and guEinlne-synthesis. 
he investigated pyrimidine-uracil, cytosine and thymine-production. Hiough 
he originally used liver, kidney and potato extracts, he eventually discovered the 
advantages of working with microorganisms. He could even be called a microbe 
hunter, because he searched for and found soil bacteria that thrive on 
pyrimidines and could be used in the study of pyrimidine biochemistry. 

In a beautiful example of how research interests develop and evolve, 
Kombeig's work on nucleotide synthesis led quite naturally to studies on how 
nucleotides arejoined to form nucleic acii. Again, the work of others determined 
the direction of his research. Sevcro Ochi. a and his colleagues had Just discov- 
ered the enzyme responsible for RNA synthesis, so Kombeig hunted for a similar 
enzyme in DNA production. The result was DNA polymerase. In 1959, he and 
Ckjhoa Jointly received the Nobel Prize for their work, but this milestone did not 
end Romberg's work on DNA synthesis. He later discovered that his polymerase 
was more an enzyme of repair than synthesis, and it was his son, Tom, who as 
a fledgling biochemistry student discovered two of the major DNA polymerases. 

Komberg's later research has been in identifying and explaining the 
workings of the many enzymes involved in DNA synthesis. The DNA polymerase 
III holoenzyme is a complex of 10 proteins, each with a specific function. The 
alpha unit Is the actual polymerase, the tau unit clamps the polymerase to the 
template, the epsllon unit has a proofreading function-deleting an improperly 
paired nucleoUde-and other units improve the efficiency of these primary 
activities. Besides this elaborate polymerase, there is also a helicase to unwind 
the DNA and a topoisomerase to do the untwisting required for the unwinding. 
Kombeig sees these and a number of other enzymes as Joining to form a 
replisome, a structure-an elaborate factoiy-whlch combines all the functions. 

Gene & Enzyme Huntitm 

Both because of its size and the disruptive forces needed to open a cell, 
Romberg has yet to take the replisome "alive," but his research so far points to 
the plausibility of its existence. In pursuing this work, Romberg has become 
something of a gene hunter. He identified a 245 base-pair DNA sequence that 
is the origin for chromosome replication in £. coti and then cloned this sequence 
in a plasmid. Analysis of this sequence shows it is remarkably conserved in 
widely-divergent bacterial species and that specific sequences have particular 
functions in initiating replication. This work with gene sequences is almost 
inevitable today for anyone working with proteins, particularly with proteins 
that bind to DNA. 

But Romberg has not been converted from an enzyme hunter into a gene 
hunter. Enzymes are his first and last love. He criticizes biologists for being 
dazzled by the power of recombinant DNA technology. Though he admits that 
"analyzing and rearranging DNA has produced astonishing results," he claims 
that "attention to the enzymes that actually make and operate the cell has not 
kept pace." To him: 

DNA and RNA provide the script, but the enzymes do the acting. Without 
knowing and respecUng enzymes, better still loving them, answers to the 
most basic questions of growth, development, and disease will remain beyond 
reach. 
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In this quote and In the whole book, KombeiS comes across as a man 
consumed by a love of enzymes and a love of research. But these are hardly his 
only loves. His book Is dedicated to the memory of his late wife. Sylvy. whom he 
calls "my greatest discovery." (Being an Incurable romantic, this sold me on the 
book before I had r«ad a single word of text!) She too was a biochemist and 
worked In the lab with him while raising three sons. These beys played in the 
lab as children and early on learned laboratory techniques. Romberg took them 
with him when he traveled. He didn't allow science to separate him from his 
family. Instead making it a family activity. The result Is that the older two. Roger 
and Tom. now are noted biochemists themselves. While the youngest. Ken. did 
not pursue a career In science-he became an architect-he specializes in the 
design of laboratories and research buildings. 

Scientists are often portrayed as cold, rather unfeeling Individuals inca- 
pable of close personal relationships. Romberg's life reveals the fallacy of this 
facUe characterization. And In a new melding of the scientific and personal. 
Kombeig had his second virlfe. Charlene. do the Illustrations for this book. Her 
diagrams of complex molecules such as FAD and NAD are particularly good 
because they Indicate, throxigh different colors, the origins of different parts of 
the molecules. 

A Lesson for Teachers 

I hope that IVe conveyed the Idea that For the Love of Enzymes is a 
wonderful book. It Is one that aknost any biologist would enjoy, and it carries 
a particular lesson for biology teachers. Romberg, like Hoflfmarm. shows that 
science can be made to have a human face, that revealing why scientists like 
science Is not an Impossible task. At one point, he describes a conversation he 
overheard between two students leaving a lecture he gave on DNA polymerase. 
One said to the other: "How dull It must be to purify enzymes." This comment 
-saddened" Kombeig. (It reminded me of my first semester teaching nonsclence 
majors, when I discovered that they did not find protein synthesis nep ly as 
fascinating as I did.) He thought that "perhapr I should have tried the moi .ntaln- 
clImblngmetaphor."'niIsrcferstoametaphGi he uses earlier In the book. Ithink 
quoting from It here Is an appropriate way to end this column. I don't know If It 
would convince students how exciting enzymology Is. but It gives a good 
Indication of how Kombeig feels-as a scientist and as a himian belng-about his 
work: 

Enzyme purification . . . often seemed like the ascent of an uncharted moun- 
tain: the logistics resembled supplying successively higher base camps: 
protein fatalities and confusing contaminants resembled the adventure of 
unexpected storms and hardships. Gratifying views along the way fed the 
anticipation of what would be seen from the top. The ultimate reward of a 
pure enzyme was tantamoimt to the unobstructed and commanding view 
from the summit Beyond the grand vista and thrill of being there first, there 
was no need for descent, but rather the prospect of even more inviting 
mountains, each with the promise of even grander views. 
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